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AUTHOE'S PEEFACE. 



A SYSTBMAHO study of the microscopic forms of life is of 
compaxatively recent data in India. Freshwater, as well 
as parasitic, Protozoa have been studied by a number of 
workers in different parts of India, Burma, and Ceylon. This 
volume deals with the OUiophora, a group of animals which 
has always been a favourite study with mioroscopists 
on account of the complexity of their structure, the diversity 
of their habitats, and the interesting movements exhibited 
by them ; an.d the same general plan adopted in other volumes 
of the series has been followed. A systematic survey is 
likely to furnish a clear understanding of the group, and of the 
mutual relationships between the parasitic organisms aad 
the jfree-Uving forms from which they must have been evolved ; 
as remarked by Wenyon " the student of the Protozoa whicli 
are pathogenic to man and domestic animals should have 
a sound knowledge of other parasitic Protozoa, and at least 
a good working knowledge of non-parasitic forms as well. 
Conversely, those who study free-living Protozoa should 
have a clear conception of the parasitic forms . . . " ; and it is 
hoped that this volume wiU thus be of interest to medical 
and veterinary workers as well as to workers in general 
Protozoology. 

The most approved and up-to-date system of classification 
has been followed, and in the Identification Tables of Families 
I have included those families which are at present not known 
from India. Those who use this volume should bear in. 
mind that the 310 species here described are but a small 
fraction of the total known from other parts of the worlds 
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All species that are as yet known from India, Burma, 
and Ceylon have been brought together, but a large 
number still await discovery. The freshwater forms par- 
ticularly are cosmopolitan, and ftiture workers who discover 
forms different from those here described must not conclude 
-that such forms represent new genera or species till they 
have carefully explored the vast literature on the subject, 
-to which the BibUography given at the end of the volume 
-will fiimish a guide. 

The species of each genus have been arranged in alpha- 
betical order, except where a number of groups of allied species 
have been recognized. In the synonymies, given under 
•each species, references to all the records from India, Burma, 
•and Ceylon have been included, and a f mark prefixed to 
all such references. A selection of other references, which 
are considered important or useful, is also given. 

In the Introduction I have given lists of species found in 
•different regions, and in the case of parasitic forms in particular 
hosts, in the hope that these may be of use to workers in 
particular areas and to those looking for the parasites in 
particular hosts. I have also included a short account of 
-the principal methods employed in the study of the Ciliophora 
-which may be of some use to those taking up the study of this 
interesting group. 

A volume such as this is bound to incorporate very largely 
the work of others, and my grateful acknowledgements axe 
due to all those whose works have been drawn upon. Where 
available, figures have been given for aU species dealt with. 
A small number of these are original or taken from my own 
work, but a large number have been borrowed with the Tritid 
j)ermission of the authors or publishers concerned. My special 
thanks are due to Prof. C. A. Kofoid and his colleagues, 
who have added so much to our knowledge of Indian Ento- 
•diniomorpha, for permission to reproduce certain figures 
and for the loan of the blocks of the plates that appear at the 
«nd of this volume. My thanks are also due to the editors 
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and publishers of journals and text-books from which illustra- 
tions have been reproduced with their kind permission, 
and for which due acknowledgement is made in every case 
by giving the name of the author from whom the figure has 
been copied, and also in several oases for the loan of blocks. 

My special thanks are due to Dr. B. Prashad, Director of the 
Zoological Survey of India, for special facilities given to me 
on the occasion of several visits to Calcutta to consult the 
hterature in the splendid Hbrary maintained by the Zoological 
Survey ; and also to Dr. S. L. Hora for his help in getting 
some figures copied under his supervision by the artists 
working under him. Finally, I have to offer my most grateful 
thanks to the Editor, Lieut.-Oolonel E,. B. Seymour Sewell, 
C.I.E., F.R.S., for a thorough and critical revision of the 
text, and for generous help and guidance during the production 
■of this work. 

B. L. BHATIA. 
Government College, 

Hoahiarpur, Punjab. 
June, 1936. 



GLOSSARY OF TECHNICAL TERMS. 



Ahoral. — Situated furthest away from the mouth. 

AoetahuUform. — Having a cup- or suoker-ahaped outline. 

AAoral. — Conduotiag to the oral aperture. 

Afferent. — Conveying from the suifaee towards the centre. 

AmitoUo diviaion. — ^Direct division of the nucleus which is not 

aKscompanied by the formation of a spindle of threads. 
AnAsogaimy. — Copulation between dissimilar gametes. 
Awua, or oytopyge. — Opening or pore for defseoation of undigested 

remains of food. 

Baaal granules. — Kinetic elements embedded in the contractile zone of 
the cortex, and each giving origin to a single oilium. 

Biconcave area. — ^A conspicuous biconcave area on each side of the 

body in the postero-dorsal region of certain. Entodiniomorpha. 
Binary fission. — A mode of reproduction in which the division of the 

nucleus or of each of the two diSerentiated nuclei is followed by 

a division of the cell. 
Boundary layer. — Thin membrane separating the endoplasm &om the 

ectoplasm. It is well marked in Entodinionxoipha, and is 

oontmuous anteriorly with the wall of the gullet and posteriorly 

with the wall of the rectum. 
Brood (Clamber. — ^A cavity developed inside the body of a Suctorian 

within which ciliated embryos are produced. 
Buccal, — ^Relating to the mouth or oral aperture. 
Budc^ng. — ^The process of unequal fission, resulting in the formation of 

daughter organisms, which show a sim.pUfLed structure when 

first formed. 

Oanvparvulate. — ^Having the shape of a bell. 

Carapace. — ^The indurated dorsal shield possessed by such oiUates as 

Euplotea and Aapidiaea. 
OMtinoua. — Corresponding in nature with ehitin or the homy material 

which forms the protective covering of ipseots and other 

Axtbropoda. 
Ohlorophyll. — The green colouring-matter of vegetable organisms. 
OHfia. — The fine hair-like appendages that constitute the locomotive 

organs of a large group of Infusoria and many other animals. 
CUdated embryos. — Buds provided with oUia which are developed in 

a brood chamber in a Suctorian, and finally emerge through 

a birth-pore. 
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■Cirri.— The elongate, flattened modifications of ordinary cilia, developed 

upon the peristomal region and other parts of the body of many 

cuiates. 
■Commensal. — An organism which does not live at the expense of 

the organism to -which it is usually attached, but is associated 

-with it simply as a messmate. 
■Concrement vaouole. — A vacuole which is interpreted as possessing 

a statolith function, foimd in certain types of parasitic oiliates. 
■Cemjugation. — ^The temporary or permanent union of two organisms 

leading to reproduction by germs or spores or to the renewal 

of their capacity to multiply by simple fi^on. 
■OontraotiZe vacuole. — One or more struotiores in the spongy layer of 

the ectoplasm which fill up by the excretory fluid draining into them 

and discharge the fluid on the surface of the body. 
Convolute. — ^RoUed upon itself. 

Cortical. — Relating to the external layer of an organism. 
■Orater^orm. — Saving the shape of a cup. 
Orenulate. — ^Finely notched or serrated. 

Gttmtaa. — An indurated defensive shield, synonymous with Oorapooe. 
■Cuticle. — ^The more indurated pellicle which forms the outer layer of the 

body of Infusoria. 
CydUma. — ^The protoplasraio circulation observable in the cells of 

certain plants, and also in many Protozoa. 
■Cyst. — Impervious membrane surrounding an organism, formed as 

a protection against desiccation in free-living forms, or as an 

adaptation to a change of hosts in parasitic forms. In some 

cases cyst formation is related to the digestion of food, and in. 

others to reproductive processes. 
Cytomusrosomea. — ^Minute granules situated in the films between the 

alveoli in the ectopia^ as weU as the endoplasm. 
•CyUyphaayna. — Longer or shorter tube (popularly referred to as gullet) 

leadmg from the oytostome, and ending blindly in the endoplasm. 
■Oytoplaam. — ^The protoplasm of the cell-body as contrasted with that 

of the nucleus. 
■Cytopyge. — Anal aperture of unicellular animals. 
Cytoatome. — Orai aperture of unicellular animals. 

Dicntole. — Expansion of the contractile vacuole of Infusoria and other 
Protozoa. 

Diofuaonuyus. — ^Branching into pairs ; furcate or forked. 

Deetarent. — ^Running out or projecting beyond. 

Detctrogyroua. — Circling towards the right. 

JDextrotropous. — Turning to the right. 

Doraal dish. — ^A rounded ectoplasmic projection lying in the semi- 
circle bounded by dorsal membraneUes. 

X)oraal membranellea. — ^The membranelles forming the dorsal zone. 

Dorsal zone. — A zone of membranelles arranged in a transverse furrow 
on the dorsal surface of the body, found in certain Entodiniomorpha. 

Mctoparasiiie. — ^Having the nature of an external parasite. 
Jktoplaam. — ^Thfi denser external substance of Infusoria and other 
unioeUular orgooisms. 
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Hff&remt. — Conveying from the centre towards the periphery. 
Erna/rgmate.—Sjaiviag a notched or e:sGised margin. 
EncmroBsed. — ^Having an indurated dorsal shield or cuirass. 
Eneystmeni. — ^The phenomenon of becoming motionless and excreting 

a membranous investment or cyst, common to the .majority of 

the Infusoria. 
Endogenous or irOemal budding. — ^Formation of buds in the interior of 

the cytoplasm of the parent inside a brood-ohamber. 
Endomixis. — ^Periodic nuclear reorganization which occurs without 

conjugation or cell-fusion taking place. 
Endoparamiio. — Having the nature of an internal parasite. 
Endoplasm. — The inner, more fluid substance of the body of Infusoria 

and other unicellular organisms. 
Endoplasmic sack. — ^The boundaiy layer with the enclosed endoplasm. 
Endoplast, — The nucleus as developed in the Infusoria and other 

Protozoa. 
Endoplastule. — The miore solid particles developed singly or in varsring 

number within, or in many cases estemal to, the endoplast of 

Protozoa. 
Endoral. — ^Beferring to the fringe of cilia developed between the adoral 

and preoral series of certain Oxytrichid^e. 
Everted. — ^The condition of being turned out or backwards. 
Excretory pore. — A small permanent opening in the cuticle through 

which the contractile vacuole passes out its contents. 
Exogenous or exte/mal budding. — ^Formation of buds from the external 

surface of the body. 

EibriClse. — ^The deUoate, thread-like structures developed in the cortical 
layer of many Infusoria, as also in the stalk of VorticeUa, possessing 
a rudimentary muscular function. 

FibriUaa- system. — ^The whole complex of structures which serve a corre- 
lating and oonductile function. 

Embriated. — BVinged at the margin. 

Fission. — ^Division of the nucleus or of both the diSerentiated nuclei 
followed by a division of the body. 

Eood-vaouole. — A minute droplet of fluid in which a solid particle 
ingested as food is suspended and gradually digested. 

F^mdcuh^s. — The slender, thread-like filament which connects the parts 
of the mocronucleus in such infusorial types as Loxodes and 
JOoxophyUum,. 

Gamete. — Sexual cell. Among the Protozoa the entire individual, 
being a single cell, takes part in the process of conjugation. 

■OUAotis. — XJnsymmetricalty distended or swollen at some part of the 
surface. 

•Glabrous. — ^Having a smooth surface. 

IShlgi apparatus. — A cytoplasmic inclusion which shows a tendency 
to dump together in masses or to form a network ia the neighbour- 
hood of the nucleus. 

MolophyHc. — Organisms which feed in a plant-like manner and, with the 
help of ohlorophyU or similar pigment, in the presence of sunlight, 
build up simple organic substances &om carbon dioxide and water. 
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JJotosoio.— Animals which are entirely dependent for food on other 
organisms which they capture, devour, and digest. 

lUoricate. — ^Devoid of a protective sheath or lorioa. 
Indimxted. — Having a hardened consistence. 
InfumMb^Mfor■m. — Fmmel-shaped. 

leogametes. — Gametes which are similar in shape and size. 
Isogamy. — Copulation between simikir gametes. 

Kmryogamy. — Sexual process or conjugation involving the union of 
micronudear products. 

LsffooWopouB. — TumiTig to the left. 

Lmiaa. — The organically distinct protective sheath excreted and 

inhabited by many Infusoria sui^ as Vaginioola and Tmtinwua. 
Loricate. — ^PoBsessiog a protective sheath or lorica. 

Maeroi^omatm. — ^In Protociliata, where the nuclei do not show di- 
morphJBm, each nucleus contains two types of chromatin, the 
macFochromatin being functional in vegetative life and the micro- 
chromatin during sexual phases. 

MaaroiA/romoa(miea. — Band-shaped pieces into which the macrochro- 
matia divides during mitosis of the nuclei in the Opalinids. 

Maarogamete. — In tbose cases in which there is marked difierence in 
size between two conjugating individuals, the larger is referred 
to as macrogamete. 

Mcuirormaleius or megamuiUius. The larger of the two nuclei into which 

the nudear apparatus is difierentiated in Euoihata, which functions 

during the vocative life of the orgcmism. 
Membrcmellte. — ^The relatively large flattened cilia that constitute the 

peristomial finnge in 3xiany Ciliate Infusoria, synonymous with 

Cirri. 

MemhranelU rooUets. — Short fibrils extending posteriorly from the bases 
of the membranellffi. 

MembramuUs. — ^Very long, deUoate, finely pointed aggregates of cilia 
which diSer &om. oiiri in movement and in composition. They are, 
for example, found in DidMwuim,. 

MetaboUe. — Changeable in form ; polymorphic. 

Metamorpkia. — C!haiigeable in form. 

Mieroehromatm. — ^In Protociliata the nuclei do not show dimorphism, 
but each nucleus contains two types of chromatin, that which 
is functional in sexual phases being called microchromatia. 

Miaroclmmtoaomea. — -Parts into which the microcbromatin divides 
dtiriug mitosis of the nuclei in the Opalioids. 

Microgamete. — ^The smaller of the two gametes in anisogamous oonjuga- 

Mieromtele^i3. — ^The smaller of the two niidei into which the nuclear 
apparatus is difierentiated in Buciliata, which functions durina 
the reproductive phases. ^ 

Mierogooida.—Txee-Bmimamg zooids of abnormslly minute size, which 
conjugate with the noimal-sized sedentary animalcules of manv 
VorticeUidse. ' 
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Mitoehondna. — Minute cjrtoplasmio iaolxisions of a lipoidal nature 
oocurrmg in the form of spherical graaules or rod-shaped or ores- 
centic bodies. 

Mitotic. — ^Indireot division of the nucleus -which is accompanied by the 
fomaation of a spindle of threads. 

MonMiform. — Jointed so as to resemble a string of beads. 

Morphonemea. — ^Those fibres which maintain the body form. 

Motoriwm. — A mass of difierentiated protoplasm from which a nimaber 
of fibres pass to different regions of contractile activity. 

MvlUmuUeate. — Possessing many nuclei, e. g. Opalma. 

Multtph fission. — A mode of reproduction in which the division of the 
nucleus or of the two difEerentiated nuclei is not immediately 
followed by the division of the cell, but, after repeated nuclear 
division, the cell divides into as many ports as there are nuclei. 

Myonemes. — Specialized muscle-libe fibrils which cause the contraction 
of the whole or a part of the body. In a generalized condition, 
they may be both coordinating and contractile in function. 

Myophan. — ^Layer, developed in many Infusoria, that contains muscle- 
like fibrils. 

Myophames. — Specialized fibrils which perform a contractile function 
only. 

Napiform. — ^Turnip-shaped. 

Neiuromotor system. — A system of connected fibrils emanating from 
the motorium and passing to different regions of contractile activity. 

Neuromotommi. — ^A mass of diSerentiated material connected with 
the motor strand and other fibres performing conductile and 
contractile functions. 

Neurophanes. — Specialized fibrils which perform a conducting function 
only. 

Nuclear (Umorphism. — The differentiation of the nuclear apparatus 
into a vegetative macronudeus and a reproductive micronudeus. 

Nucleolus. — An exceedingly minute, more solid particle developed singly 
or in varying number within the substance of the nucleus of an 
aniTnal or vegetable cell. Its homologue among the Protozoa 
is generally referred to as Endoplasitile or Karysome. 

Nucleus. — More densely granular body within the substance of most 
animal and vegetable cells. In Euciliata the nuclear apparatus 
is differentiated into a larger macronucleus and a smaller micro- 
nucleus. 

(Esophageal. — Bielating to or connected with the oesophagos. 

(Esophageal fibrils. — Thin, closely spaced fibrils forming the wall of the 
oesophagus and running parallel to its long axis. 

(Esophagus. — A distinct tubular gullet or oesophageal tube leading from 
the cytostome to the endoplasm. 

Op&rouluin. — The lid-like structure developed within the sheath or 
lorica, or attached to the body of certain Vortioellidse. The 
term is also used for the ectoplasmic elevation separating the 
two membronelle zones in certain Entodiniomorpha. 

OrcA. — Relating to the mouth. 

Oral dish. — The greatly thickened hmer end of the adoral Up in Ento- 
diniomorpha. 
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Oral trvMtea. — ^Annatuie of tiriohites or elongated rods of denser pro- 
toplasca embedded in. the walls of the oytostome aad the cyto- 
phaiynx. 

Parasite. — ^An organism living in or Tipon the body of another organism 

and dependent for its existence on that portioalar organism or 

a limited group of orgEuoisms. 
Paroral. — The fringe of oilia developed at the side of the adoral series in 

certain Oxytriehidse. 
Pedmaie. — ^Divided into nairow segments like the teeth of a comb. 
Pedide. — Lateral branches of the staUr in colonial Vortioellid forms. 
PedunciHate. — Provided with a stalk or peduncle. 
PeJMoU, or periplast. — The outermost layer of the cortex or ectoplasm, 

which is characterized by definite markings or sculpturings in 

many Ciliata. 
Peristome. — ^The region, with iiB aocompanying cilia, leading to the 

cytostome. 
Peristonrnti. — ^Relating to the peristome. 

PhcMT/ngeeU. — Pertaining to or connected with the cytopharynx. 
PhcMT/ngeal basket, or pharyngeal armatwre. — ^Triohites forming a tubular 

armature in the waJl of the C37tophairynx. 
PUcate. — ^Disposed in pleats or folds. 
PoTymorphia. — ^ExhibitiDg a diversity of form. 
Preoral zone. — The fringe of oilia developed in front of the month of 

certain OxytriohidsB. 

Protoplasm. — The physical basis of life, or elementary formative matter 

of all living organisms. 
Protozoa. — Animals in which the body is not divided into cells. 

Baeemose. — Having a clustered form of growth, like a bunch of grapes. 
Bectwm. — ^A thin-wtJled tube arising ventraHy from the endoplasmic 

sack, extending posteriorly through the ectoplasm and opening 

to the exterior by the anus. 
Ben/^orm. — Shaped like a kidney. 
Beoohcte. — Boiled back upon itself. 
Bhizoplasts. — Fine endoplasmic prolongations from the basal bodies- 

of membranulse to tbie vicinity of the nucleus. 
Bhyl3miiodl. — Denoting the regular pulsations of an organ such as the 

contractile vacuole of a Ciliate. 
Bod appairatus. — An armature of elongated rods or triohites embedded 

in the walls of the oytostome and the cytopharynx. 

Saprozoic. — Organisms living upon organic substances in solution, 
which are products of the metabolism or decay of other organisms. 

Setx. — The stouter, biistle-like cflia possessed more abundantly by th» 
Hypotrieha. 

Sigmoidal. — Having a shape resembling the letter S. 
SiZioeoMs.— Partaking of the nature and qualities of silica ; composed 
of flint. 

8iiDer-Une system. — Collection of certain structures on which ooUoidal 
silver is deposited by the reduction of silver nitrate by reflected 
sunlight. 
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Skeletal plates. — Hard, chitinous struotTires lying beneath the cuticle- 

and extending backwards from the oral area in certain genera in 

the family Ophryoscoleoidsa. 
" Soie de Lachmann." — Oral seta of the VortioeUidse ; also known as 

the Veatibuiar seta. 
SpaamoneTne. — ^The exoentrioally placed myoneme running through 

the stalk of a Torticellid, which is surrounded by a grantdar theco- 

plasm and a delicate outer sheath. 
Spatulate. — Having a broad blade-shaped outline. 
Spine. — A pointed tapering process. 
Spomkition, or mtdtiple fission. — ^Mode of reproduction in which the- 

repeated division of the nucleus is followed by the splitting of the 

organism into as many parts as the nuclei. 
Stolon. — ^The procumbent adherent basal region of the colony-stock of" 

such a type as Dendrosoma. 
Sitctorial te/niaoles. — StiS protoplasmic processes consisting of a parietal 

layer of ectoplasm in the form of a tube enclosing a canal containing 
' a fluid, the apex of the tentacle usually terminating in a sucker-Uke 

knob. 
Synganvy. — Sexual union or conjugation involving either a complete 

fusion of two organisms (gametes) or the temporary fusion of two 

organisms (conjugants) for the purpose of mutual exchange of 

micronucleEir material. 
Synka/ryon. — ^The combination nucleus which results from the fusion 

of two micronudear products derived from two individuals. 
Systole. — Contraction of the contractile vacuoles. 

Temtaauil/iferoua. — Bearing or possessing tentacles. 

Tentaauliform. — Having the form of a tentacle. 

Thsooplasm. — The granular, fluid substance which surrounds the^ 

spasmoneme in the stalk of a Yorticellid. 
Theooplasmic granules. — Small granules contained in the theeoplasm. 

alongside the spasmoneme, the number and arrangement of which 

vary in difierent species. 
Trichdtes. — Stiff rod-like supporting structures usually found in the oral 

region. 
Trichoeysts. — Minute rod-like bodies developed in the cortical layer of 

many Ciliata, and composed of a sac wi^fiin which is a long coiled-up 

thread that can be suddenly extruded. 

Uneim. — The claw-like modification of ordinary cilia possessed by 

many Hypotrieha. 
Undulating membrane. — Agg^regates of cilia formed by the fusion of 

one or more rows of ^ia, ranging &onx delicate structures to 

large baJloon-like expansions, usually found in the peristomial 

area inside the adoral 2x>iis. 

Vacuolate. — Having a num.ber of dear spaces or vacuoles. 

Velum. — ^Delicate veil-like membrane bordering the oral orifice in suobi. 

forms as OycUdmm and Pleuroneima. 
Vermicular. — ^Resembling a worm in shape. 
Vestibular seta. — ^The bristle-hke cilium or seta that projects icam. the- 

vestibulum or oral fossa of many Yorticellidss. 
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Veetiitvie. — ^The excavated ohamber or fossa into which both the oral 
and anal apertures debouoh, as developed in the Vorticellidse. 

^ood&uirmm. — ^Dendritic or tree-like colony -stocks of such ciliates as 
Demiromonas and Spistylis, 

Zooid. — An aniixial organism not independently developed from a 
fertilized egg or ovum, but derived from a preceding individual 
by the process of fission or gemmation. Specially applicable 
to the Ciliophora and other Protozoa, and to the component 
members of all colony-building oommumties, such as Polypes, 
Corals, and Polyzoa. 

Zygote. — ^The cell resulting from the complete fusion of two gametes. 
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prefixed to a reference indicates that the record of certain species from 

India, Burma or Ceylon is based on this work, 
placed after the name of a family indicates that representatives of 

that family have not yet been found in India, Burma or Ceylon. 
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I. Subclass PROTOOILIATA 

Meto 60 

1. Fam. OpAUNtDiB Glmis ... 61 

1. Subfam. Psotoopaiinjb 

Meto 51 

1. Gen. Zelleriella Mete. 52 

1. maoronuoleata (Bezx.) . 52 

2. Subfam. OpiXJ^iSM Meto. 53 

1. Gen. Cepedea Mete 63 

1. Umceolata (Bezz.) 54 

2. louga (Bezz.) 66 

3. metoalfi Bh. <fc. Oul. . . 56 

4. punjabensis Bh. <fe &ul. 57 

5. seyahellensls war. aa- 

gusta de MeUo 58 

6. sialkoti Bh. <fc Qui 68 

7. suboylindrioa de MeJlo . 60 

8. thiagi de MeUo 60 

2. Gen. Opalina Purk. <fe 7oI. . . 60 

1. coraooidfia Bess 81 

2. coraooidea lahoriensis 

Bh. cfe Ota 62 

3. lata Bezz 64 

3. lata var. cordata de 

MeOo 65 

4. pUoata Ghosh 66 

5. ranarum. (Ehrbg.) 66 

6. soalprifonnis Ohosh ... 68 

7. triangularis Ghosh 68 

8. virgula Dobdl 70 

n. Subclass EUCILIATA 

Meto 72 

I. Order HOLOTBICHA St. . 73 

1. Suborder Gyitmostokata 

Biltaeh 74 

1. Tribe Piotostomata Sohem. 74 

1. Fam. HoLOBEcaTiD.as; Perty . 75 

1. Gen. HoiiOPHBTA Bhrbg. . 76 

). aauajidalei Ghosh 77 



2. bengaleusis Ghosh 77 
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INTRODUCTION. 

Position of CiUopbora in the Animal Kingdom. 

Protozoa are generally defined as uniceUular animals. All 
the fanotaons of animal life are performed by a small nndivided 
mass of protoplasm. The body of the organism, milike the 
body of a higher animal, is not differentiated into organs 
consisting of tissues or cell-aggregates set apart for the 
performance of different functions. Although a Protozoon, 
when seen under a microscope, is comparable in its structure 
with a single cell of a Metazoan body, it cannot be regarded as 
strictly homologous with it. Some authors consequently prefer 
to regard Pbotozoa as non- cellular — that is, representing a 
primitive type of body in which the cellular type of structure 
had not been evolved. Although many of these organisms, 
present a fairly simple structure, the m^ajority of them exhibit 
a complexity of structure to which there is no parallel among 
the cells forming the body of a higher animal. The reason 
is obvious. The various parts of the oeU-body of a Protozoon 
are differentiated into structures for the performance of 
different functions of animal life, such as locomotion, food 
capture, sensation, reproduction, etc., but all this is within 
the limits of a single mass of protoplasm. Hence the organiza- 
tion of the Photozoa is actually by no means simple. It is- 
not the object of this work to give a comprehensive account 
of the organization and structure of the Peotozoa : for this 
the reader should refer to the numerous excellent text-books 
on the subject. 

The Pboxozoa are microscopic organisms, and have been 
favourite objects of study under the microscope ever since the 
latter was invented. Leeuwenhoek, the father of Proto- 
zoology, first described (1677) a free-living Protozoan, a species 
of VorUcella, which he had seen in standing rain-water in 
1675. He was also the first to publish an account of a parasitic 
Protozoaai (1682), which he found in his own fseoes, and which 
was the flagellate LwmbUa {Qiardia) inteatinalis. In 1683 
he found Opatina in the faeces of a frog, and possibly NycU>fherv^ 
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also. In 1703 he figured both VorticeMa and Oaa-chesiimi. 
Paramecium was discovered in 1703 and Amoeba in 1755. 
LedermiiEer, in 1763, was the first to introduce the popular 
term iKrcrsoBiA, to include all the various microscopic 
animalcules which meike their appearance in infusions exposed 
to the air. The first comprehensive work on InrtrsoBiA was 
the monograph by O. F. Miiller, published posthumously 
in 1786, and " included, besides the Protozoa, Bacteria, 
Diatoms, Viaegar Worms, Planarian worms, Cercaria larvae, 
Kotifers and other odds and ends of animals, provided that 
they were sufficiently small." Mtiller described 378 species 
in his monograph, of which about 160 are vaMd. The term 
Peotozoa was fibrst used by Goldfiiss in 1817, but he included 
in the group the PoiiYPBs and Medttsje also. It was first 
restricted and employed ia the modem sense by von Siebold 
in 1845. Ehrenberg published a large work in 1838 in which 
350 species are described from his own observations. About 
•one-third of this work was devoted to Rotifers. Dujardin 
(1841) was the first to divide the " Infusoires " into rhizopods, 
flagellates, and oiliates, according as pseudopodia, flagella, 
or cilia serve as their organs of locomotion. This division 
is stiU the basis of aU the schemes of classification of the 
Protozoa. Butschli (1889) limited the use of Inpusobia 
to Pbotozoa that bear dlia at some period of their life-history. 
As these latter came to be regarded as constituting two classes, 
viz., the CiLiATA, with cilia throughout life, and StrcTOEtA, 
with cilia in the embryonic phases only, Dofleia (1901) 
introduced the term Ciiiophoea to designate a sub-phyllum 
to include these two classes. 

Besides the classes enumerated above, there is the class 
Sporozoa, including organisms which are exclusively para- 
sitic and which possess no special organs of locomotion and 
food capture. The earliest observations on a Coccidian and 
a Gregajine were published in 1839. The ttaEMOspoaiDiA 
were discovered as late as the eighties of the last century 

The phylum PROTOZOA may thus be divided as foUows :— 

A. Subphylum Elasmodboma Doflein, 1901. 

Moyemeat is eHeoted by pseudopodia or flagella, and syiigamv 
takes place m aU known cases by tte complete fusion of gai^tes. 
I. Class Mastioophosa Diesing, 1866. 

TJiepiedominating phase is flagellate, locomotion being efieoted 
by filamentous whip-like structures oaUed flagdla. The bodv 
may be corticate or non-corticate. 

"°'" ^^^^S7i)^^ ^""^ SieboU. 1846 (=SAaooDErA HertTrig & 

The pTedominating phase is amoeboid, locomotion being efieeted 

^ temporMy extensions of the body called pseSdopodia. 

The body IS non-oortioate, i. e., has no tough liiiitinK memi 

brane or outide. ^ ^u^uwug mem- 
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III. Class Spobozoa Jieuckart, 1379. 

Exclusively paraaitio forms whioh lack definite organs of looo- 
motion. Beproduction takes place by spore-formation. 

B. Subphylum Chjophoba Boflein, 1901. 
Movement is eSected by cilia. 

IV. Class CmcATA Perty, 1862. 
Organisms bear cilia throughout life. 

I. Subclass PBOTOOtLtATA Metcalf, 1918. 

Organisms provided with -bwo ox more nuclei, whioh are all 
of one type. Syngamy is efieeted by the complete fusion 
of uninuoleated stages. 
II. Subclass EuoruATA HetcaJf, 1918. 

Oiganisms show a definite nuclear dimiorphism, there being 
two types of nuclei (macronuolei and micronuclei). Curing 
syngamy the maoronuclei disintegrate, the micronuclei 
divide, and an interchange of micronudear products takes 
place between the associating individuals, new macronuclei 
and micronuclei being reconstituted from the combination 
nucleus or synkaryon. 

y. Class StroTOSiA ClaparMe & Iiachmann, 1858 (^TEN'TACtnuFEBA 
Huxley, AomsiTAEciA Lankester). 
Ciliated in the young stages, but later usually attach them- 
selves to other objects, lose their cilia, and develop knobbed 
tentacles whioh serve as sucking- tubes. 



General Organization and Structure. 

The preseut voliime deals only with the aubphylum 
CtuOPHOEA, and I give below a brief sarvey of the general 
organization and structure of the organisms included in this 
giroup, so as to aoBEbrd the reader a general idea of the group 
•and to introduce him to the principal technical terms employed 
in the description of the forms. 

Modes of Life. — ^The great majority of Ciliophoka are 
firee-living aquatic forms, either marine or freshwater. Some 
groups of the Chjcata and practically all StroTOBiA are 
attached. They may be attached temporarily or permanently 
to some object, which may be the body of some other animal. 
A considerable number of forms are parasitic and show 
various degrees of dependence on the host. 

Form. — ^The free-swimming Ciliates show a great variety of 
forms. The primitive type may be considered to be a spherical 
or ovoid organism, with liie mouth or oytostome at the anterior 
'end and the contractile vacuole near the posterior end. CiUa 
of equal length clothe the whole body evenly, being disposed 
in meridional rows extending from the anterior to the posterior 
pole. Such an ideally simple type is actually met witii among 
species of HdUypJwya and Prorodon (see figs. 22, 25). Modi- 
fications from this type occur as the result of (1) shifting 
■of the oytostome from the anterior pole to one side of the 
body and a consequent oblique arrangement of the oUiary 

b2 
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rows ; (2) differentiation of the dlia rate those covering the 
general surface of the body, which are locomotor in function, 
and special cilia near or around the mouth, which are variously 
modified for the purpose of food capture ; (3) development 
of a special area, called peristome, leading to the cytostome ; 
(4) the fiattenitig of the body in creepiag forms, ia which 
a ventral surface, bearing cytostome and peristome, is dis- 
tinguishable from the dorsal surface ; and (6) restriction 
of the locomotor cilia to the ventral surface, and the complete 
or partial disappearance of those on the dorsal surface or 
their retention to serve a purely tactile function. This last 
and extreme modification is realized in such flattened and 
creeping hypotrichous forms as Stylonichia and Aspidisca 
(figs. 180, 184), ia which the ventral oUia are restricted to tufts 
which fuse to form cirri or bristles on which the animal creeps. 

Organisms may be temporajrily or permanently attached. 
For this purpose there are developed special cilia or adhesive 
organs, or the surface of the body on the side opposite to 
the mouth (aboral) may be specially drawn out for the purpose 
into a stalk. In VorticeUa and other related organisms 
the stalk contains a contractile thread, by means of which the 
organism can retract itself close to the point of attachment 
or extend itself further away from it. In this group the 
general covering of cilia disappears and only peristomial 
ciUa are retained. Such organisms may, however, detach 
themselves from their stalks, develop temporary cilia for 
locomotion, swim off, and attach themselves again elsewhere. 

Strucbure. — ^The protoplasm forming the body of a Ciliate is 
differentiated into two layers, ectoplasm and endoplasm. The 
edoplamn consists of four or five layers, viz. (a) a thin delicate 
membrane called the ^eMicZe; (ja) alveolar layer; (c) protoplasmic 
layer containmg small spindle-shaped bodies known as the 
trichocysts ; (d) coma^actih layer, containing myonemes which 
run beneath and parallel to the ciliary rows at the surface ; 
and (e) spongy layer, traversed by irregular spaces and channels 
contatoing fluid which drains into more conspicuous feeder- 
canals which open into a contractile vacuole. These layers or 
zones cannot be clearly distinguished in all cases as they 
grade into one another, and some of them are better developed 
m some organisms than in others. The cytostome or month 
the cytopyge or anal aperture and the openings of the contractile 
vacuoles all perforate the pellicle, and the oiHa also pass 
through it. ^ 

The cilia arise from basal granules placed externally to 
or between the myonemes, and pass to the exterior through 
the outer layers. The dlia may be restricted to cerfeun 
regions (as in Didinivm naautum, UrocerOmm turbo etc 
figs. 31, 89), or may by their fusion form locomotor organs 
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of a complex nature, such as undulating membranes, membran- 
elles, cirri and membranuke. Undulating membranes are 
usually formed by the adhesion or fusion of a single row of 
cilia, and may occur in the oytopharynx, margin of the oyto- 
stome, or in the peristome ; they are represented in all orders 
of the GtTiTata. They are usuaUy narrow and inconspicuous, 
but in some genera (e. g., Cydidium, Pleuronema, figs. 85, 86) 
form large balloon-like expansions used for trapping the 
food. Membranelles are formed by the fusion of the ciha 
in the region of the mouth. They are grouped as a rule 
in a curved row, the " adoral zone," along the margin of the 
peristome in all orders of the Ciliata except the Holotbicha 
(fig. 117). A dorsal ring of membranelles is also present 
in some parasitic forme, e. g., D^plodin^^lm, (fig. 158). In the 
Vorticellidje (fig. 187) there are two rows of membranelles, 
forming a double adoral zone that winds about the peri- 
stome in a direction opposite to that in Spirotricha (which 
includes Hbtebotkcoha, Hypotrioha, etc.). Cirri are formed 
by the fusion of tufts of cilia, and are broader at the base 
and taper to a fine point. They are found typically on the 
ventral surface of Htpoteioha, and form groups named, 
according to their position, frontal, ventral, anal, caudal 
and marginal cirri. These cirri confer extreme variety of 
movements on the Hypotbioha. Some of them run on the 
tips of the frontal and ventral cirri {Styhnickia), others swim 
with a jerky movement (Aspidiaca), wMle yet others combine 
swimming by means of the adoral' zone of membranelles with 
sudden jumps effected by anal or caudal cirri (Miiphtes). 
In a few cases dorsal cirri also occur and serve a tactile function 
{Uronychia). Membranulse are long, deUcate, finely pointed 
structures, each formed by the fusion of a smaU number of 
ciUa, as in the case of the two circlets of Didimum or the 
posterior oiUary ring of VortioeUids. 

A striking feature of many Ciliates is their power of contrac- 
tion. A Spirostomvm or a Trachelocerca will suddenly 
contract to a fraction of its length in the expanded state. 
A FollicuUna or a Vorticella wiU fold itself up, and an entire 
colony of Vorticellids may contract itself into a small mass. 
These movements are brought about by long, delicate, eon- 
tractile threads, called myonemes, which may run straight 
(Stentor) or spirally {Spirostomum) throughout the entire 
length of the body. A second set of myonemes may run 
transversely about the body, as in the peristomial region 
of the VorticeUids or Stentor. 

In Ciliates with a uniform covering of cilia the latter do not 
all beat simultaneously, but a wave of contraction passes 
from the anterior to the posterior end. CUia in the same 
transverse row beat synchronously, but those in a longitudinal 
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row beat in a regular succession and are metachronous in 
their contraction. This also accounts for the wave-like 
movement of undulating membranes which are formed by 
the fusion of longitudinal rows of cUia. Distinct fibres 
oonnecting the basal granules of oUia were described by 
Entz, Maier, Schuberg and others, but were interpreted as 
myonemes. As, however, the rhjrthmic action of the cilia 
is independent of the contractility of the organism, it is 
probable that such fibres are not myonemes but co-ordinating 
fibres of a conductile nature. Sharp, Yocom, and Taylor 
have given convincing evidence of the occurrence of specific 
conducting or co-ordmating system of fibrils. Sharp (1914) 
was the &rst to describe ia.. Ilpidinium ecaudatvmi (fig. 164) 
a neuromotor system of fibrils connecting the basal fibrils 
coming fi"om the cilia or groups of cfiia with a co-ordinatii^ 
centre called the motorium. The motorium is situated in 
the ectoplasm near the anterior end of the organism, and 
a number of fibres pass to different regions of activity. Yocom 
(1918) described a similar but more complex system in 
Euplotes patella. A definitely staining bUobed mass situated 
in the ectoplasm near the right anterior angle of the triangular 
peristome was identified as a motorium (fig. 183, m). From 
one of its lobes a set of five longitudinal fibrils (a-c) run to 
the bases of the five anal cirri near the posterior end, and from 
the other lobe a single fibril passes along the ioner margin of 
the anterior lip and down the left side of the peristome 
connecting the bases of the adoral zone of membraneUes 
.{m.f.). Taylor (1920), as the result of micro-dissection experi- 
ments with the same form, furnished direct evidence of the 
part played by the neuromotor apparatus. Macdonald (1922) 
described a similar system in BcHaraidnm coli and B. mis, 
and since that date several other workers have demonstrated 
the neuromotor apparatus in other forms. 

Klein (1926) introduced a modification of a silver impregna- 
tion method, by which the organisms are fixed by drying, and 
the reduction of silver nitrate by reflected sunlight deposits 
colloidal silver on certain structures, which are referred to 
collectively as the " silver-hne system." This system is 
composed of two rather distinct parts. One of these, described 
as 'indhrectiy connected" with the contractile system, is 
composed largely of closely set polygons and the trichocyst 
^anules which lie in the centres of the anterior and posterior 
sides of the polygons. The other portion consists chiefly 
of tihie basal granules, which are located at or near the centres 
of the polygons of the first part, and the longitudinal body 
hbrOs, which connect the basal granules in the same longitudinal 
row of polygons. Lund (1933) has correlated the " sOver-line " 
system with the " neuromotor » system, and comes to the 
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conclusion that the " silver-line " system is not solely composed 
of conductile elements, but comprises parts of at least Wo, 
and possibly three, quite different aggregations of structures, 
namely, the pellicle, the trichooysts, and the peripheral 
portion of the neuromotor system. Klein's technique fails 
to demonstrate the great pharyngeal complex, which is at 
least in part conductile. The term " fibrillar system " may 
be employed to include the whole complex of structures 
which serve a correlating and conductile function. 

Embedded in the ectoplasm are smaU spindle-shaped 
bodies known as trichocysts, each of which on being stimulated 
can discharge a long stiff thread. They may be distributed 
all over the surface {Para/mecivan, fig. 63) or be confined to 
certain regions (proboscis of DiUptus, fig. 45). Oral trichites 
are similar structures sxurounding the mouth in various 
©■STCfrosTOMATA, and may form a tube extending into the 
endoplasm (as in some species of Nassvla, Orthodon etc.). 
In other cases much larger rods are met with, and form 
pharyngeal baskets (as in the families Nassulidss and Chlamy- 
dodontidse). A constant number of rods may be found 
in a species, and they may be united to form a tube at the 
posterior end of the basket (fig. 66). 

The number and arrangement of the contractile vacuoles 
varies considerably. In Parcmteciwm there are two contractile 
vacuoles, each surrounded by six to eight feeder- canals in 
a star-like maimer. In Stentor and Spvtostomwm there is a 
single contractile vacuole, with a long feeder-canal ruxming 
along the length of the body. 

A mouth or cytostome is normally present (except in 
Pbotooiliata, Astomata and Stjotoeia). In Gmnsro- 
STOMATA the cytostome is closed except during the ingestion 
of solid food ; it is opened or closed by a system of rods 
contained in the oytopharynx, and there is no undulating 
membrane. In all other CtIiTATa which possess a cytostome 
it is permanently open, and the cjrtopharynx may possess 
one or more undulating membranes, but no rod-apparatus. 
IVequently there is a fannel-like structure called the p&nstame 
for collecting the food and conveying it to the oytostom.©. 
CSlia on the fl:oor of the peristome are often longer than over 
the rest of the body. In Spiroteioha an adoral zone of 
memibranelles is always present along the left margin of the 
peodstome. In the Fekcfbio[ba the adoral zone consists of 
two parallel undulating membranes, which, after describiDg 
a number of spiral timis, pass into a funnel-shaped depression 
or vestibule, at the bottom of which the cytostome, followed 
by a short C3^pharynx, is situated. The contractile vacuole 
and the anus also open into the vestibule. In StroTOHiA there 
is no cytostome, but food is taken in by the numerous sucking 
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tentacles, the protoplasm of the body of the prey passing in 
a stream through the tubular cavity of the tentacle. The 
majority of draoPHOBA are holozoio, but some of the parasitic 
forms may be saprozoie {OpaUna). 

The endoplasm is finely alveolar and more fluid than the 
ectoplasm, and exhibits a streaming movement (cycbsis). 
The endoplasm contains food-vacuoles enclosing food-particles 
in process of digestion, the nuclei, and other refrmgent granules, 
some of which may be excretory granules, others mitochondria, 
and stiU others belonging to the Golgi apparatus. 

The nuclear apparatus in most Chjophora shows dimorphism 
— there beiag a large, deeply staining maoronucleus and 
a small, often inconspicuous, micronucleus which is difficult 
to stain. In PROTOcrLiA.TA there are two or more similar 
nuclei, but in each nucleus there are beHeved to be two kinds 
of chromatin, distinguished as macrochromatui and micro- 
chxomatin. The former is functional during vegetative 
life and the latter during the reproductive phases. Among 
the Ettott. ta ta the maoronucleus is typically a compact body, 
and the micronucleus a small refringent body close to it or 
actually lodged in a depression of the surface of the macro- 
nucleus. In other forms the macronuoleus may be rod- 
shaped or sausage-shaped iJDiploiiniwm,), or in the form of 
a horseshoe (VorticdUa) or a beaded string {SteTvtar and 
Spwostomum), or there may be two macronuclei connected 
by a delicate filament {8tylomchia), or the maoronucleus 
may be broken up into a large number of small nuclei. The 
macronuoleus in some of the Sttotobia {Dendrosoma, Ephehta, 
etc.) is much branobed. The micronucleus does not vary 
much in form, but the number of micronuolei may be one, 
two, or many in different species. 

JRepro&uxtion. — ^Macronuclei are vegetative in function and 
control the general metabolism : during reproduction they 
disappear by absorption and fresh macronuclei arise from 
products of micronuolear division. The micronucleus is 
reproductive in function and plays an important part during 
conjugation, as also in periodical reorganization without 
conjugation, known as endomisds. 

Reproduction takes place by binary fission which is generally 
transverse to the long axis of the body. During this process 
the maoronucleus divides amitoticaUy and the micronucleus 
mitoticaUy. The nudear division is followed by transverse 
fission of the organism, and the parts lacking in each daughter 
organism are reconstituted. In fixed forms, as in Vorticel- 
Hdse, the fisaon is generally in a vertical plane and leads 
to unequal fission or budding. Repeated fission accompanied 
by imperfect separation of daughter zooids leads to the forma- 
tion of large branching colonies in many Pbbitbicha. Multiple 
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fission or sporulation also occurs inside temporary cysts in 
some parasitic forms. In Stjotoeia. either external or internal 
buddmg takes place. In internal budding a certain part of 
the organism becomes invaginated, the margins close over, 
and a brood-chamber is formed, inside which the ciliated 
embryos are developed. 

The details of conjugation or syngamy also vary a good 
deal in the group. Among the Peotociliata ordinary 
individuals divide repeatedly, and thus give rise to a number 
of small-sized forms with one, two or more nuclei ; these 
then encyst and pass out with the fseoes of the host. These 
cysts are ingested by tadpoles and the organisms are set 
free in their rectum. The organisms multiply and give 
rise to larger and smaller individuals (gametes) which fuse in 
pairs to form a zygote. Each resulting zygote has at first 
a single nucleus, and later gives rise to the binuoleated or 
multinucleated condition characteristic of the species. In 
most of the Etjoiliata temporary fusion takes place between 
similar zooids, the macronueleus degenerates and disappears 
in each conjugant, and the micronucleus in each divides two 
or three times. Only one of the resulting products of mioro- 
nuclear division takes farther part in the process, the others 
being absorbed. This remaining micronucleus again divides 
into two pronuclei, one migratory and the other stationary. 
The migratory pronucleus of each passes into the body of the 
other conjugant and fuses with its stationary pronucleus, 
forming a synkaryon in each. The conjugants now separate, 
the synkaryon in each divides a number of times, resulting 
in the formation of new macronuclei and micronuolei, and 
each ex-conjugant divides into a number of zooids, each 
zooid containing a single macronueleus and one or more 
micronuclei according to the species. In the majority of the 
Pbeitkioha. sexual dimorphism is the rule, and a small 
zooid fuses permanently with a laxge zooid, and only a single 
zygote with one synkaryon resialts. 

A periodic nuclear reorganization also takes place apart 
from conjugation, and was described by Erdmaim and Woodruff 
(1914) in Paramecium aureUa and by the same authors 
{1917) m P. oaudcOmn under the name endomixis. In the 
former species it takes place at intervals of about thirty days ; 
the old macronueleus breaks up and is absorbed, and each 
of the two micronuolei divides twice, forming eight products, 
some of which become new macronuclei and some new micro- 
nuclei. In the latter it occurs at intervals of sixty days ; 
the single micronucleus divides three times, forming eight 
nuclei, some of which degenerate while others form new 
macronuclei or micronuclei. In some other types of Ciliates 
endomixiB is known to take place while the organism is pro- 
tected by a cyst. 
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study of the Group in India. 

Very little work had been done on the Ciliate Peotozoa 
ia India during the last centiiry. Up to the year 1889, the 
year of publioation of BiitschJi's great work on Protozoa, 
practically the only record of freshwater forms was the 
work of H. J. Carter, who stndied these forms in Bombay 
towards the middle of the last century, and contributed 
a number of papers on the organization of freshwater 
IimrsoRiA of the island of Bombay to the 'Annals & Magazine 
of Natural History ' (1856-69). The following is a Kst of 
Ciliates found by him in Bombay ; a number of forms, 
described as new species by Sa-\alle Kent (1880-82) from 
manuscript notes that Carter placed at his disposal have 
also been included in the list : — 

BoUyph^a latenaHs S. E. 

CoUps Iwrtua (O. E". Mull.). 

S<Atena ^lulex^Mesodiirmmi pidese 01. & L. 

Tracheimm fasoiola = AmphilepPus fasdola = lAonotua fasciola Ehrbg. 

Nasaitla sp. 

Loxodea <yiuyulltihi8=Ohilodon ououlhdtis Ehrbg. (O. F. Mfill.). 

Ophryoglena ep.=Otoatotna earferi S. K. 

Losoodes <yuculUo=J Oolpoda c/UiwMus (0. F. Miill.). 

Pco'a/mseomm avurSAa Ehrbg. (O. F. M'ull.). 

Plagiopyla (?) caarteri S. K. 

Spirostoma mrena (?) Waxbg.^^Clvmaoostomum vwena. Ehrbg. 

Bv/raaria Imoas (?) Ehrbg.=J'r<m{omo leMsas Ehrbg. 

Stentor sp. 

Oayineha sp. 

Himcmtophorus chasron—PloBaooonia i=Biiplofea eharon O. F. Mull. 

Mvplotes sp. 

Vortic^a microstoma Ehrbg. 

„ oonvaUaria Ehrbg. 

„ sp. 
EpiaiyUe gcdea (?) Ehrbg. 
Cothumia Bp.=Py!cioola carteri S. K. 
Sphserophrya sp. CI. & L. 
Podop}uyaflxa Ehrbg. 

„ guadripartita=Tokoph>ya quadriparHia CI. & L. 
Adneta tvb&rosa Ehrbg. 

G. W. Grant had previously (1842) found in Calcutta six 
species of freshwater Protozoa, of which only two were 
Oliates, viz., CoUps Mrtits Ehrbg. and Vorticelh, patdUna 
O. F. Mull. These are recorded in Cantor's work on Chinese 
forms. In 1862 J. MitcheE contributed a short note on the 
existence of a valve ia a form very similar to Vaginicola crystal- 
hrui from Bangalore. W. J. Simmons (1889) contributed 
a note on a species oiPodophrya found in Calcutta, and (1891) 
noted the occurrence of several gemera at Calcutta without 
specific identification of the forms. H. H. Anderson (1889) 
described Anophphrya SBloaomata from JBlosoma ohlorosticUm 
m Calcutta. 



nSTTBODTJOTIOK, 11 

Scanty as tlie above recorded work is for a large eountxy 
like India, it is thus referred to in Sohewiakoff's monograph, 
on the geographical distribution of freshwater Protozoa 
(1893j p. 84) : " Bedeutend besser erforscht ist die Proto- 
zoenfauna Ostindiens, obgleich die vorliegenden Befunde 
weit davon entfemt sind, eine methodisohe Durchforsehung der 
Susswasser Protozoen diese landes darzubieten. Es warden 
nur wenige Orte, Bombay, Calcutta und eioige Seen in Himalaya, 
von Carter, Grant und Simmon untersuoht. Am eingehendsten 
erforscht Carter die siissen Gewasser von Bombay und fand 
daselbst 43 versohiedene Formen,- darunter 12 Rhizopoden, 
3 Heliozoen, 16 Mastigophoren, 10* CiHaten und 3* Adneten, 
die sammtHch aueh in Europa anzutreffen sind. Nur weoaig© 
von diesen Pormen lassen sich nicht ermitteln. In den 
Seen vom Himalaya fand Carter zwei Dinoflagellaten, darunter 
eine angeblich neue Art, die aber mit einer europaisohen zu 
identificiren ware. Bei Calcutta fand G. W. Grant 6, gleich- 
falls in Europa vorkommende, Protozoen welohe in der 
Arbeit Cantor's beschrieben werden. Endhch traf bei Calcutta 
noch Simmons eine Acineten an, iiber die ich aber nichts zu 
sagen vermag, da ich mir leider die betreffende Arbeit nicht 
verschaffen Konnte. Somit wurden in Ostindien 50 ver- 
schiedene Axten von Protozoen : 12 Rhizopoden, 3 HeliozoSn, 
19 Mastigophoren, 13* Ciliaten, 3* Suctorien (Acineten) 
beobachtet, die aUe Europaer sind." 

From 1891 to 1916 very few persons took up the study of 
this group in India. Eugen von Daday (1898) studied the 
freshwater Pbotozoa of Ceylon, and, in addition to a large 
number of Rhizopods and Plagellates, also recorded six 
Ciliates, viz., Cohpoda ouciMus (O. E. MuU.), Godondla lacustria 
Entz., Tintinnopsis ovalis Dad., Oxytricha mystacea St., Styh- 
nichia piistulata (O. E. Mull.), and EplstyUs anastatica Ehrbg. 
Ajmandale (1907) recorded Garchesivm polypinum Ehrbg. and 
FolMcidina ampulla (0. F. Mull.) in h^ work on the Fauna 
of Brackish Ponds at Port Canning, Lower Bengal. Dobell 
(1910) published a paper on some parasitic Pbotozoa from 
Ceylon, in which he described the following new species 
of Ciliates : — Baikb'alAdiwm, mala, B. JvyaUnwm, Nycto^rus 
pwpittatus, N. termiUs, and OpaliTia virgula. 

In 1916 I published some notes on the CUiate Pbotozoa 
of Lahore, and followed this up by further papers in 1920, 
1922, and 1923. Gulati (1925) published his observations 
on some more Ciliates from Lahore. Bhatia and Gulati 
(1927) studied some parasitic Ciliates from a number of frogs, 
toads, eaxthworms, and the common cockroach found in the 

* This emimeacatioix is not correct, as forms erected into new species 
by SaviUe Keat from maauscript notes of Carter are not included. 
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Punjab ; and Bhatia and MuUick (1930) studied the fresh- 
water CLliates of Kashmir. 

During the same period (1916-29) Ekendranath Ghosh 
worked on the Cihates at Calcutta, and published no less than 
fifteen papers recording Imown and describing many new 
species. Most of these papers are, however, of the nature 
of short communications, and his descriptions are not always 
adequate and reliable. Essential points are very often left 
undetermined, and fizture workers wiU not find it easy to 
recognize the organisms from his description and figtires. 
Similarly, H. S. ifiidhava Eao published (1928) a paper on Soil 
Pbotozoa from Mysore, in which he has shown carelessness 
of observation and even ignorance of the ordinary rules of 
zoological nomenclature and description. Sandon (1927) 
and Chaudhuri (1929) have added a large number of forms to 
the records from India by examining the soils from various 
parts of India. Kofoid and MacLennan (1930-33) have 
described a large mmiber of parasitic Ciliates from Bos indicus, 
the material having been obtained ia South India and Ceylon. 
De MeUo (1930-34) has published a number of papers on the 
parasitic Ciliates from various frogs and toads from Nova Goa 
(Portuguese India). Kofoid and Christenson (1934) have 
described a large number of Ciliates from Bos gav/rus from 
Mysore, and Kofoid (1935) two remarkable Ciliates from the 
elephant. Lastly, Das Gupta (1935) has described many 
Ciliates from Copra Mrous at Calcutta. 

In the present work all the records from India are brought 
together. The record comprises 310 species, belongiog to no 
less than 104 genera, out of which the specific identity of as 
many as 39 is uncertain. Of these, 68 species belonging to 
41 genera, of which 1 genus and 16 species are new to 
science, have come xmder my personal observation. For the 
description of previously known genera and species I have 
consulted, among others, the monographs of 0. E. MiiUer, 
Ehrenberg, Dujardin, Claparfede and Lachmann, Stein, 
Engehnann, Eromentel, Saville Kent, BiitsohJi, Schewiakoff, 
K.0UX, Penard, Metcalf and Kahl. I have in the main 
followed the classification given in Doflein and Reichenow's 
'Lehrbuch'(1929)andinKahl'srecentmonographonlNE'trsoRiA 
ia 'Tierwelt Deutsohland' (1930-36). AH the families, even 
when not so far known to be represented in India, have been 
mentioned, and tables of identiBoation included. Although 
the ciliate Protozoan fauna of India is now much better 
known than it was twenty years ago, there are many genera 
and even families that are not yet represented. As the 
freshwater forms are known to be cosmopolitan in their 
distribution, there is every likelihood of their being found 
m India as the result of further research. 
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Classification and Phylogeny. 

The basis of the present-day systems of classification of 
the CcLioPHORA was first suggested by Stein in 1867, and 
with various modifications, introduced by Saville Kent, 
Biitsohli, Sohewiakoff, Delage, Dofiein, Metcalf, Reiohenow 
and Kahl, is followed even to-day. Stein divided the CiiiIata 
into four orders, viz., Holotbioeca, HHTEROTBiaHA, Htpo- 
TKioHA, PEKiTBicnaA, and to-day these are still recognized 
as orders or suborders. For many years Stein held the 
opinion that the organisms, since recognized as constituting 
the group TENTAOTJLrFERA, represented merely the develop- 
mental phases of various VorticeUids. The researches of 
Claparfede and Lachmann won for them an independent 
position, possessing, as a distinct section of the Inpttsoeia, 
the same status as JFiagetiTiAta and Ciliata, and, with reference 
to the possession of sucking tentacles, the title of Suotoeia 
was confeired by them on the group. Later Huxley, in 
view of the fact that in certain forms a portion only of the 
tentacles are suctorial, and that in some others the tentacles 
may be entirely non-suctorial and simply prehensile, sub- 
stituted the title of Tentaouldpeba for tiie Sttotoeia. At 
a still later date the name Acestbtaeia was given to them by 
Lankester. The similarities of the early stages of these organ- 
isms to the Ciliata were well understood, and Doflein 
recognized that Ciliata and Sttotobia constituted two classes 
of the subphylum Ciliophoea. 

The class Ciliata continued to be described as consisting 
of four orders, as defined by Stein. The order Holoteioha 
includes those QQiates in which the cilia are all of approximately 
equal length smd thickness, and there are never any specialized 
structures called oiiri. It thus included the simplest members 
of the class, but stLQ presented a considerable range of com- 
plexity from the simplest forms to those nearly approaching 
the Hbtbeookioha. OpaKraa and other astomatous forms 
were included in the order as primitive forms or as forms 
which were without a mouth on account of their parasitic 
mode of life. Excludiag these, Stein divided the order 
into four families. Saville Kent considered these groups 
or families as more or less heterogeneous, and distributed 
the genera among twelve families. Later authorities have 
had to transfer many of the genera and even families to other 
orders or even other classes of Peotozoa. BiitschJi divided 
the order into two sub-orders : — (1) the Gybotostomata, 
in which the mouth is closed except when the food is being 
ingested, and (2) the Teichgstomata, in which the mouth 
is always open and provided with an undulating membrane. 
Schewiakoff divided the class Ciliata into the order Aspieo- 
TKIOHA (=order HoLOTRiaaA St., with the addition of some 
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families formerly referred to the orders Hypoteioha (e. g., 
Ervilijna and Chlamydodonta) aad Pbkitbicha (Cyclo- 
diniaa)) ; and Spiroteioha, including the suborders Hbtbbo- 
TKiCHA., Oligoteicha, Hypoibiciha, and Pbkiteicha. He 
recognized the distinct position of the Opalinidse, and divided 
his order Aspiboteioha into Gymnostomata, Tbighostomata, 
and AsTOMATA, and arranged the families included under 
Oyrotostomata in accordance ■with the position of the mouth 
into three tribes, which he called I^ostomata, Puetjeo- 
STOMATA, and Hypostomcata. The Gymnostomata comprised 
eleven families, the Tbiohostomata seven famihes, and the 
AsTOMATA one family. Delage gave the name Hymbko- 
STOMATA to Tbiohostomata of Schewiakoff; and Hickson 
in the main followed Schewiakoff's classification, but used the 
term HYMEisrosTostATA for Tbiohostomata, and for no vahd 
reason included OpaJininse under this group instead of as a 
special group as Schewiakoff had done. Chatton and LwofE 
have established Thigmotbicea and Apostomba as new 
suborders of Holoteicha. 

Ray Lankester (1870) was the first to recognize that the 
grouping of Opalina with the other astomatous Ciliates was 
an unnatural procedure, and L6ger and Duboseq (1904) 
maintained that the Astomata, as defined till then, did not 
constitute a natural group, their apparent resemblance being 
a case of convergence due to parasitism. They separated 
the Opalininse from the Anoplophryidse. This view was 
accepted by C6pfede (1910), who divided the astomatous 
Ciliates into eleven families. Hartog (1906) went so far as 
to remove the Opalininse from the cSiss GcciATA and place it 
with the trichonymphids among the Mastigophoea. Minchia, 
Doflein and other authors have, however, not accepted this 
view. To do iustice to the fundamental differences of nuclear 
structure MetoaH (1920, 1923) has separated the Opalinidse 
from the rest of the Ciliates and divided the class into two 
subclasses, viz., Pbotooiliata and EtroOiiATA, a scheme 
which is now generally followed. 

The SpiBoamcaHA of Schewiakoff corresponded with Biitschh's 
suborder of the same name, and included Hetbeotbicha 
OuGOTBioHA, Hypotbioha and Pbeitkcoha— that is, all the 
Ciliates which possess a special adoral zone of cilia arranged 
m a spu^al manner m front of the mouth. There are, however 
a number of fundamental differences between the Hetheo' 
teicea, Ouqotbioea and Hypotbicjha on the one hand 
and the Pbeiteioha on the other. The adoral zone of mem- 
branelles m the first three orders turns to the left if viewed 
from the ventral or oral side (taking the oral end of the spiral 
as Its begmning) but in Pbeitbioha (with few excepttons) 
the adoral zone, if viewed from the ventral side, turns to the 
nght, or, as generally stated, forms a right-handed spiral As 
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however, we are dealing with organs which are not developed 
from the mouth, but play the physiological r61e of carrying 
the food to the mouth, Reichenow (1929) considers it more 
reasonable that the end of the adoral zone furthest from the 
mouth should be regarded as its beginning. So viewed, 
it may be descaibed as turning to the lefb ia the Pbeitbioha. 
and to the right in the HBTSROTEroHA, Oligotbioha and 
Hypotbioha. How this reversal of the adoral spiral came 
about has been discussed among others by Biitschli (1887-89) 
and Faur^-Eremiet (1905). Biitschli explained the phylo- 
genetio origiu of the Pebitbioha from flattened hypotriohous 
forms in which the ventral surface came to serve for attach- 
ment while the peripheral region of the adoral zone became 
turned over to £b.e side and finally on to the dorsal aspect. 
The functional ventral (oral) surface of a Vorticellid is thus 
the morphological dorsal surface, and the attaching surface 
is the morphological ventral surface. The seeming longitu- 
diual splitting is thus really transverse in a morphological 
sense. Colony formation, separation of individual cells 
provided witihi a temporary ciliated girdle, occurrence of 
dimorphic gametes and their complete and permanent 
fusion during fertilization are remarkable features characteristic 
of the PsBiTBioHA alone among the OiUates. 

It is now generally believed that, taking the HoLOHaccECA 
as the more primitive Ciliates, the Hetbeotbiobia and the 
Pekitbichla are derived from them by separate routes. IVom 
the Hetbboteioha axe derived the Oligotbioha and Httpo- 
TEiCDaiA. To give expression to this view ia classification 
Kahl has recently emended Spieoxeioha Biitschli so as to 
exclude the Pbritbioela, and Reichenow (1929) has followed 
him. Reichenow has also separated the parasitic forms 
belon^g to the families Ophryoscolecidse and Cycloposthiidse 
from the OuGOXBiOHA, and placed them in a separate 
suborder Entodihiomoebba, and certain aberrant sapro- 
pelic forms belonging to the family Ctenostomidae have also 
been placed under a separate suborder by Elahl. 

The highly specialized forms iu which the peristomial area 
with the adoral zone of membranelles is spirally roUed have 
been placed in a separate order Chonotbicha. I have 
followed ELahl and Reichenow in this new classification. 

The diiiOBHOBA are thus divided into the following classes, 
orders and suborders : — 

I. Class OtTiTata Butscbli. 

I. Subclass Fbotooiliata Metoalf. 
II. Subclass EtroTTiTATA Metoalf. 
I. Order "SoitOTStasA. Stein.. 

1. Suborder O'ziiotosiouata Butschli. 

2. Suborder Tbiceostokata B-atsobli, em. Kahl. 
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3. Suborder Hymbitostomata Hickson, em. Kahl. 

4. Suborder Tb30MOTrxoha Chatton <fc LwoS. 

5. Suborder Apostomea. Chatton & Lwofi. 

6. Suborder Astomata Sohewiakoff, em. CepMe. 

2. Order Spibotbicha ButsohU, em. Kabl. 

1. Suborder BJETSiBOTBiCHA Stein. 

2. Suborder Omgotbioha Buteohli. 

3. Suborder Entodiniosiobpha Reiehenow. 

4. Suborder Ctbitostomida Kahl. 

5. Suborder Hypotbioha Stein. 

3. Order Pbsritbioba Stein. 

4. Order Chonotbicha Wallengren. 
II. Class SrroTOEiA Butsohli. 

The farther classification iato families, and the genera and 
species dealt with, -will be seen from the Systematic Index. 

The Croographical Distribution of Indian CiUophora. 

It is well known that species of freshwater and soil Protozoa 
are cosmopolitan. The majority of the 310 species now 
known from India are found in Europe and America, and those 
that have been described as new in tiie present work are likely 
to be found in other parts of the world also. This is due to 
the fact that the conditions of life in pools and ponds are much 
the same aU over the world, and the frediwater forms, 
espedally in an encysted state, can be easily carried from one 
place to another by wind or by animals. 

I have followed the regional divisions of India as adopted 
by Stephenson in his volume on Oligoohseta in the ' Fauna 
of British India,' and have noted the species so far recorded 
from each of these divisions ; but no importance can be 
attached to the apparent presence or absence of any species 
from the dlfCerent regions. The larger number of species 
recorded from certain regions is due simply to the fact that 
these regions have been better explored, and further work 
wiU doubtless show the " all-India " distribution of most of 
the species. The Usts wiQ, however, be of some use to workers 
in diflTerent parts of the country, and enable them to make 
a more thorough search than has hitherto been made. 

1. NORTH-WESTERlSr TERRITORY. 
(The drainage system of the Indus, so far as comprised in 
the plains of India ; the Punjab, N.W. Frontier Province 
N. Rajputana, Sind.) ' 

Opaxxntdji. 

C^pedea metecAfi (Lahore). 
„ jm»ya66»ms (Lahore). 
„ edaOeoti (Sialkot). 
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Opcdma ooraooidea (Lahore). 
„ IcUa (Lahore). 
„ rananmi (Lahore). 

HOLOPHBYID^. 

Hohphrya i/ndiea (Lahore). 

„ awnpleas (Lahore). 

VrotricJha globosa (Lahore). 
Prorodon teres (Laihore). 

„ edentatus (LaJiore). 
Laarymaria vermioulans (Lahore). 

„ striata (LaJiore). 

Encheiys arcuata (Lahore). 

„ sp. (Lahore, LyaUpore). 

Didhstodje. 

Didinvwm nOfSvMmi (Lahore). 
„ balbiani (Lahore). 

Ool&ps hirtiis (Lahore). 
„ kenti (Lahore). 
„ uncinalnis (Lahore). 

Sfaxsxdhdm. 

Spathidmm moniUforme (Lahore). 
Ampbxlbftid^. 

Lionottis fasoiola (Lahore). 
„ pleurosigma (Lahore). 

I/OxophyUum meleagris (Lahore). 

TltACTni!TiTTD.a!. 

Dilepttis ans&r (Lahore). 

LOXODIDiE. 

Loxodes punjahensis (Lahore). 

Naaaida stromphii (Lahore). 
„ ambiffua (Lahore). 
Oyclogramma rubens (Lahore). 

CHXiAiryDODOimD^. 

GhUodoneXla cuM/uMhia (Lahore). 

CoiiPODir>.a!. 

Oolopoda auuMd/ua (Lahore, Guidaspiir, Peshawar, KaraobiJ. 
„ steimm (Lahore, Peshawar). 

PAEAMEOnD^. 

Para/mecimn caudatuim (Lahore). 

Prontoma leuoaa (Lahore). 
Sigmostomumi, inckciun (Lahore). 
Trichoda pura (Lahore). 
Gknusoma scinliUans (Lahore). 
Colpidmm colpoda (Lahore). 

„ campyUum (Lahore). 

„ striatiim (Lahore). 

„ sp. (Peshawar). 

Psetidoglcmaoma digitaia (Lahore). 

OIL. O 



18 OHJOPHOBA. 

OyeUdmm gUmcoma (Lahore). 

BalanMophorua elongoHis (Lahore, Gtirdaspur, Jullundhur, Pesha- 
war). 
BakmtiophontB minutus (Lahore. Jullundhur, Peshawar). 
„ ap. (Lahore). 

TjBOCSlNTEID.ai. 

Urocejiinim tutho (Lahore). 
Telotricfiddium, mathcm (Lahore). 

ANOPLOPHBYIDJB!. 

Mau^iaseUa nova (Lahore). 

Spiroatom/wm ambiguwm (Lahore). 

FiiAaioioMrDiB. 

Nyctotherua cordiformis (Lahore). 

„ macroph.aa'yngeua (Lahore). 

„ ovaUs (Lahore). 

„ remjormis (Sialkot). 

Stentordla polymorphua (Lahore). 
„ sp. (Lahore). 

StTSSASIOM, 

JBwea/na truncateCla (Lahore). 

BAXAin;ii>iiD.ai. 

Balantidmm amygdaUi (Sialkot). 

„ bioavcUa (Lahore). 

„ hlattarwn (Lahore). 

„ dtiodeni (Lahore). 

„ elotigalum, (Lahore). 

„ graaile (Lahore). 

„ hdeme (Lahore). 

"H-AUSEB.TTDM. 

Hcdtena grandineUa (Lahore). 
„ sp. (Peshawar). 

Pebitbomidjb. 

Per&romoides avmfplese (Lahore). 

OxYTKtCBID^. 

Vrosiyla weisii (Lahore). 

UroUptua sp. (Peshawar). 

Oonoatommn affme (Lahore^ JtJlundhur '). 

Pleiutrotriaha grandia (Lahore, Peshawar). 

„ lanceolata (Peshawar). 

Oaatroatyla aet^era (Lahore). 
Oxytricha pdUonMa (Lahore, JuUmidhur ?). 
Siyloniohia pustvlata (Lahore). 

AapiMsca lyneeua (Lahore). 
„ costata (Lahore). 
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VoEMCaXLlDJE. 

SoyphicUa indica (Lahore). 
Vortiedla cam/pawula (Lahore). 

„ dtrina (Lahore). 

„ tmorostoma (Peshawai-). 
Oaroheaium epistylidia (Lahore). 
EpistyUs pKoatiUs (Lahore). 

„ artieidata (Lahore). 

VODOTSRTnnM. 

Sphserophrya ptisiUa (Lahore, Hoshiarpur). 

2. WESTERN HIMALAYAN REGION. 

(From Hazara to the border of Nepal, including Kashmir.) 

■CoiiBPiDja. 

Ooleps hirtziB (Siinagar). 

AiCPsmBssnoM. 

Lionoius faseiola (Srinagar), 
LossophyUmn het/us (Srinagar). 

L0X0DII>.«!. 

Loxodes striatus (Srinagar). 
„ bdhaduri (Srinagar). 

CHi.A3rTO0D05nni)^. 

Ohilodondla ouoiM/uJius (Srinagar). 

„ spiraUdentis (Srinagar). 

COTJEOTHDJE. 

Colpoda oumO/us (G-hora Gali, Srinagar.) 
„ stemU (Ghora Gali, Siinagajr). 

PABAMEOIBDiE. 

Paavanecmm catidatiim (Srinagar). 
„ aiureUa (Srinagar). 

„ bursaria (Srinagar). 

rBONT01IID.a!. 

Glaticoma pyriformis (Srinagar). 
Colpidmrn sp. (Ghora Gali, Srinagar). 

Pisj'cnioinBKrATiD.aB. 

BalantiophomB dongatus (Ghora Gall, Srinagar). 

■UBOOBNTKII>.ai. 

UrocetUruim turbo (Srinagar). 

Skeostomidje. 

Spirostomum ambiguum (Srinagar). 
„ teres (Srinagar). 

Stbntokid^. 

Stentorella polymorphua (Srinagar). 

c2 
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OSXTSXOSIDJB. 

Vrc^eplua mohUis (Ghora Q-aJi, Srinagar). 

„ piads (Srinagar). 
Gorwstomum affine (Srinagar). 
Fleurotrioha grandis (Ghora Gali). 

„ lanceolaia (Ghora Gali, Srinagar). 

StyZon/icMa pus^ulata (Srinagar). 

VoltTIOETiTim.a!. 

Vortioetta -miorosioma (Ghora Gali, Srinagar). 
„ sp. (Ghora Gali). 

3. NORTH-EASTERN FRONTIER REGION. 
(Nepal and eastwards, including Assam.) 

COI^ODlD-a!. 

Oolpoda ouauMuiS (Assam). 

PLEUBONBMA.TIDJE. 

BcAantioplionis elongatus (Cinnamara near Jorhat). 

Ba t. aktipiid^e. 

Bdlantidvum coli var. bovia (Assam). 

OXYTRICHID^. 

Qonoatonvum sp. (Dacca). 
Pleurotrioha grantUa (A^am). 

4. INDO-GANGETIC PLAIN. 
(United Provinces, Bihar, Bengal.) 

CyPAXJ.NTDM. 

OpaUna plicata (Calcutta). 

„ scalprifonnia (Calcutta). 
„ triangulaHa (Calcutta). 

Hoi.oPEKS'is.a:. 

Solophrya anruindcAei (Calcutta). 
„ bengcHenaia (Calcutta). 

Urotricha sp. (Calcutta). 
Prorodon steteSzirti (Calcutta). 
Iiooiymaria olor (Calcutta). 
j;«,eAeZM sp. (Sibporo). 
Tracheloceroa sp. (Calcutta). 

CoiiEPIDiB. 

Coleps Mrtua (Calcutta). 
„ sp. (Calcutta). 

AMPinT,TrPTrD.a!. 

AmphUeptus sp. (Calcutta). 
Lionotua Jaaciola (Calcutta). 

„ aimdUs (Calcutta). 

„ inf-usion/ua (Calcutta), 

LOXODEDjS!. 

Loxodes sp. (Calcutta). 
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TSAOBEXJIDM. 

Trachdius gutta (Calcutta). 

NASsrriXDiE. 

CMlodontopsia bengcUenais (Caloutta). 
OrthodoneUa banerjeei (Calcutta.). 

CHLAMYDOI>OiraTD.a!. 

OftUodoneUa rhesus (Caloutta). 
„ ap. (Calcutta). 

„ sp. (Sibpore). 

COUODID^. 

Golpoda ououOms (Delhi, Agra, DebraDuu, Sibpore, Caloutta, Dacca, 
Cuttaok, Pusa). 
„ steinvi (DeUii, Dehra Dun). 
„ rrumpcisi (Pusa). 

Feontonidjb. 

OoVpidmm sp. (Chittagong). 

Parmneomm caudatum (Caloutta, Iiucknow). 
„ sp. (Calcutta). 

T!:BiCB.aws!iMn>M. 

Drepcmomonas dentata (Caloutta). 

Incertse sedis. 

Opisthoatomtan bengcdensis (Caloutta). 

Coi$roHOfHiBxarD.a:. 

OonohophtHmius eurtus (Caloutta). 

„ lamiidfUdens (Calcutta). 

„ dongatuB (Calcutta). 

ISOXBICHID^. 

Isoftiricha prostoma (Caloutta). 
DtMytncha rurnaincmtiu/m (Calcutta). 

Pbontonxdjb. 

CoZ^w^wm sp. (Dehra Dun, Agra, Fatna, Dacca), 
StegooM/um, (roal& (Calcutta). 

'BjJESUBOynSSILKTIDM. 

GydUdMon ghmeoma (Sibpore). 

Pleuron&ma 6hrya<dia (Caloutta). 

Bala/Owphorus elongatua (Benares, Agra, Fatna, Sibpore, Calcutta, 

Chittagong). 
„ mmvius (DeSra Dun, Fatna, Sibpore, Calcutta, 

Chittagong), 

AsroT'ixasEezLDJs. 

Anoplophrya seilosomata (Caloutta). ~ 
„ cyUndrioa (Calcutta). 

„ elongata (Caloutta). 

„ Uoydi (Calcutta). 

„ vaiidbiUs (Calcutta). 
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SgrBosTOTvrTT) an. 

jSjpirosSojW'iMji anvbiguum (Calcutta). 
„ sp. (Agra). 

PZiAOIOTOlUXD.^. 

Nyototherua cordifomvia (Calcutta). 
„ herrvpi (Calcutta). 

„ macropluxryngeus (Calcutta). 

STBNTOBir>.aE. 

StentoreUa polymorph'us (Calcutta). 
„ iw-idia (Calcutta). 

JFotUouUma ampulla (Port Canning, Lower Bengal). 

ParaJtyuuraaria, phereHimot (Calcutta). 

BAIiANTEXDrrU-ffiJ. 

SalanHdittm blattarum (Calcutta). 

„ tioli (Calcutta). 

„ clepreas^vln (Calcutta). 

„ kncnolesii (Calcutta). 

„ ovat^an (Calcutta). 

„ rcmc^rum (Calcutta). 

„ r'hea^vln (Calcutta). 

,, siiahiHi (Calcutta). 

OPHa-E-OSOOLECBD-SE. 

JBIniodiiniuTn bttraa (Calcutta). 

,, ^u&ardi (Calcutta). 

,, lobosoapinoa^^m, (Calcutta). 

,, longinuoleatti^n (Calcutta). 

„ biooncavzem (Calcutta). 

», elongatwm (Calcutta). 

„ laterale (Calcutta). 

t, rectctngulaPiem (Calcutta). 

>, anteroruuicieatum' Iseve (Calcutta). 

»» >9 tnonolobum (Calcutta). 

» „ dAlobwm (Calcutta). 

„ ca/uebabunm (Calcutta). 

„ c3iaM&rjee.i (Calcutta). 

,» BkendrsB (Calcutta). 

5» furca diZobtan (Calcutta). 

„ nanellum (Calcutta). 

„ ommvm (Calcutta). 

„ ovoido-TvucHeatunh (Calcutta). 

„ aetnai (Calcutta). 

„ simpl&ti (Calcutta). 

Diplodin.'iuin an/iaaoanthum (Calcutta). 

>> eonaora (Calcutta). 

9> coatceium (Calcutta). 

„ oriaia-galU (Calcutta). 

JBremtyplaatron roatratum, (Calcutta). 

»» breviapimim (Calcutta). 

EtMiiplodiinium metggii (Calcutta). 
JDiploplaatron affine (Calcutta). 
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Metadinmm inedvu/m (Calcutta). 
Blytroplastron ImbaU (Calcutta). 
Epidinium eoaiidalum (Calcutta). 

„ cazidatum (Calcutta). 

„ cattanei (Calcutta). 
Ophryosoolex tricoronatus (Calcutta). 

Urol&ptua mohUis (Chittagong). 
Oonostonvum, affme (Delhi, Agra). 
Plewrobrieha grmnMs (Agra, Sibpore). 

„ lanoeolata (Delhi). 

StyUynAchiia sp. (Agra, Calcutta). 
SallcuUnopais nttda (Calcutta). 

'ExrsiJO'nDJB. 

Siv^lotea sp. (Calcutta). 

AS£IDISOrD.aB!. 

Aajndiaca costata (Lucknow). 
Aapidise<^ms bengaiensia (Calcutta). 

VOBTIOBI/Ijm^. 

SoyphiMa pumienaia (Fumea, Bengal). 
VortiaeCla pateUina (Calcutta). 

globoaa (Calcutta). 

suboyUndrica (Calcutta). 

submiorostoma (Calcutta). 

aiAprocn/A&na (Calcutta). 

aubaimuata (Calcutta). 

sp. (Calcutta). 
CarcJieanian polypiivum (Port Caaoing, Lower Bengal). 

„ sp. (Calcutta). 

MpiatyUa sp. (Calcutta). 
Coihumia sp. (Calcutta). 
Vagimeola sp. (Calcutta). 
Platyoola sp. (Calcutta). 

AjcmsrExciDJBi. 

Tokophrya bengalenaia (Calcutta). 

Fox>OFSK5XD.a:. 

Podophrya bengaiensia (Calcutta). 
„ aandi (Calcutta). 

5. BURMA. 

(Including the Aada/mans and Nicobars.) 

CoifODrD.ai. 

OoVpoda (MauOMS (Bxoawbi). 

„ steimi (Koogoon, Hmawbi). 

Pleuronema sp. (Hmawbi). 

OXXTSXOBJJOM. 

VroUpttia mobUia (Rangoon). 
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6. MAESr PENINSULAR AEEA. 

(Including S. Rajputana and the Central India Agency.) 

SoxjOX'BRTnD.m. 

Prorodan sp. (Indore). 

lAonolua sp. (Indore). 

riTIT.ATVrVTtOTtn-NrrrTTl «!■ 

OhUodoneHa sp. (Indore). 

COLtODEOJI!!. 

CoJfpoda oMsuMus (Nagpur, Hyderabad). 

„ ateinii (Indore, Ifagpur, Hyderabad). 

Pl.BlTrBOSrElMA.aiD^. 

BcdarUiophorua eltmgaiita (Indore, Cuttack). 

SfXBOSTOlUXDiE!. 

SU^harisma sp. (Indore). 
Spirostofmimi sp. (Indore, Hyderabad). 

TTAT/ pmnTT-nju. 

HeUteria sp. (Indore). 

OargTBicHToji. 

Stiehotriaka sp. (Indore). 
U'roZep<z(5 TTtooiZis (Indore). 

„ pisda (Ijidore). 

„ sp. (Indore). 
PlewrotrioTut gratuHs (Indore). 

„ lanceolata (Indore, Hyderabad). 

Oiei/tric^ia pellioneUa (Indore). 

VorticeUa microstoma (Indore). 
„ sp. (Indore). 

7. SOUTHERN REGION. 

(S. of Latitude 16°.) 
HoiKXPasvxDJEi. 

JEnohelyB sp. (Coinabatoie). 

•CoZfODID^. 

Oolpoda {fuculhis (Kadras, Mysore, Coimbatore). 
„ eteinii (Hadr€is, Mysore, Coimbatore). 
„ maupasi (Madras, Coimbatore). 

IsoTBiOHiD.a:. 

Isotncha inteaUnaUs (Mysore). 

„ _ prostoma (Mysore, Coonoor). 
DaaytritAa rvanmantvum, (Coonoor). 
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KftONTONID^. 

Cdt^pidi'um, striatum (Mysore). 
Vronema mari/man (Mysore). 
„ ac&mmnceta (Mysore). 

'PUETTB.OTSrEillA.IXDM . 

Balamtiophorua elongatua (Coiinbatore, Konaora). 
„ mmvims (Coimbatore). 

Haptophbytd^. 

Ga/udaUna bangalorensis (Mysore). 
„ a/rmata (Mysore). 

Spirostomxdjb. 

Spirostom/um sp. (Madras). 

CONDYIiOSTOMIDa!. 

Condylostoma patens (Mysore). 

IncertsB sedis. 

Oatooirrus sphmratus (Mysore). 

JElntodmnmi curtum (Mysore). 

„ dMpsoidewm (Coonoor). 

„ longinudeatwm (Coonoor, Mysore). 

„ aouton/uclediwm (Coonoor, Mysore). 

„ contrizotum (Mysore). 

„ rostraiwn (Coonoor). 

„ piamoukbrn, (Coonoor). 

„ biconca/irum, (Coonoor). 

„ hifid/uim (Coonoor). 

„ cuyutfwm (Coonoor). 

„ laterale (Coonoor). 

„ reatcmguLatwm (Coonoor). 

„ bremapinvim (Coonoor). 

„ lateroapwMm (Coonoor). 

„ nanMwm (Coonoor, Mysore). 

„ ovoideum, (Coonoor). 

„ rhomjboideumi, (Coonoor). 

„ biamatua (Coonoor). 

„ gibb^osum (Coonoor). 

„ tricostat/um, (Coonoor). 

„ wMKetMn. (Coonoor, Mysore). 

Eodirwwm lobatum (Coonoor). 

„ bUobosiim (Mysore). 

„ rectcmgidatttm, (Coonoor). 
Diplodnmum deniatum (Coonoor). 

„ monaccmtfvum (Coonoor). 

„ diacanihti/m (Mysore). 

„ iriaeantTvwm (Mysore). 

„ tetracanthum (Mysore). 

>, peroacanifvum, (Mysore). 

„ amsacardihtmi (Mysore). 

„ paiMacev/m (Coonoor). 

„ mmor (Mysore). 

„ fiabellvan (Coonoor). 
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OKPHBOSCOLBCID-aBl (COTO*.). 

TSlrermoplasbron rostratwm (Mysore). 
„ rotunchim (Coonoor). 

„ bovis (Ooonoor). 

„ magnodeniat^l/ln (Coonoor). 

JEiuiiplodiniutn maggii (Coonoor, Mysore). 
IiIeitMMnvwm, medium (Coonoor Mysore ). 

„ rotundaUvm (Mysore). 

Elytroplastron bzibiM (Coonoor). 
OstrcKiodinvum ga/uri (Mysore). 

„ mysorei (Mysore). 

„ mam/moawm (Coonoor). 

„ gtaoiZe (Coonoor, Mysore). 

„ trivesioulcettj/m (Ooonoor, Mysore). 

„ gntadrweswuZcetUim (Coonoor). 

„ vemisttim (Coonoor). 

„ oUpeolum (Coonoor). 

„ rugoloricccttMn (Coonoor). 

SIpidinium caudaium (Mysore). 

„ grucidrioa'Udat^l/m (Mysore). 

„ parvioaudatum (Mysore). 

,, ocetSan&i (Coonoor). 

„ eberleini (Coonoor). 

Ophryoaoolaa: apinoazta (Coonoor). 
Polydinium nvysor&jnn (Mysore). 
BH^Jicmtoph^his zeta (Mysore). 

OxTfTEIOHID J9B . 

UroZeptius mobiMs (? Cormbatore). 

„ pisois (Coimbatore). 

Oonofttofrvum affine (ICanara, Coimbatore). 
JPZeurotricha lanceolata (Elanara, Madras). 
Oieytridha sp. (Coimbatore). 

EtJPIjOTIDJSi. 

Bwplotes oharon (Mysore). 

VoBxxoxirjcJsjs:. 

VorticeUa nviorostoma (Coimbatore, Mysore). 
Oarohesizim poly^nu/m (Myeore). 
'Vagvnicola, sp. (Bangalore). 

8. WESTERN KEGION". 
(Goa to Outoh, the Ghats to the Sea.) 

OP'AXrNXD.aE!. 

Cepedea Tonga (Nova Groa). 

„ aeyt^ellenaia var. angzistjt (Nova Goa). 

,, stSboyUndrica (Nova Goa). 

,._ thietgi {lHo-va, Goa). 
Opalina soalpriformia (Nova Goa). 

„ triangidaria (Nova Goa). 

,, raruxrum (Nova Goa). 

„ IcOa (Nova Goa). 

„ „ var. cordceta (Nova Goa). 

„ ooracoidea (Nova Goa). 

„ virgula (Nova Goa). 
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HoiiOPHEYXDie:. 

JSolophrya lateralis (Bombay). 
Urotriciha sp. (Bombay). 

Mesodiniiim ptdex (Bombay). 

Nassttud^. 

Nassitia sp. (Bombay). 

0TrT.AMYPOPOM-TID.ai. 

OhModoneUa ouaulVuhia (Bombay). 

FL AQIOfVLID^S: . 

Plagiopyla oarteri (Bombay). 

CoifODipjB:. 

OoT/podja ououUua (Bombay, Dharwar). 

„ eteinii (Bombay, Foona, Kaiiara, Dharwar). 

PARAMBOnPJBI. 

PoromecMim otireJia (Bombay). 

FEOSTONIDiE. 

JfTOMtojiia l&icas (Bombay). 

OFHJStYOGLEKtDA. 

Ophryoglena Jlava (Bombay). 

PlJESUSONISSMATIDM. 

JBdlaraiopTiorus AangatuB (Dharwar). 
„ mArmbus (Dharwar). 

UiiocBNTaiD.ai. 

Vroceirdarvm. turbo (Bombay). 

FliAGIOTOMIPJEi. 

Nyctotherus cordiformda (Nova Goa). 

„ macropharyngerus (Bom.bay, Nova GJoa). 

„ magrvus var. mdk^arica (Nova Groa). 

„ ovaUa (Nova Goa). 

„ papUlatua (Nova Gk>a). 

•RAT.A-KTTTTITTnM 

Salamtidiwn graoile (Nova Goa). 
„ helemsB (Nova Goa). 

Sts[stobxdm. 

GlvmaBostom/u/m, virens (Bombay). 
StentoreUa sp. (Borabay). 

Oonostommn afflne (Dharwar). 
Pleurotrieha grairuMa (Bom.bay). 
Oxytricha sp. (Bombay). 

Mtiplotea eharon (Bombay). 
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VriTt.TTITHlT.T.Tn ai . 

VortioeUa oonvaMaria (Bombay). 

„ nviorostoma (Bombay). 

„ sp. (Bombay). 
EpiatyKs gcAea (Bombay). 
Pyxicola oarteiri (Bombay). 

Tohophrya quadripartUa (Bombay). 
Acineta Puberoaa (Bombay). 

Pod ophhytd^ . 

Podophrya fixa (Bombay). 
Spha^ophrya sp. (Bombay). 

9. CEYLON. 

OgAT.TNXD.a!. 

OpcAma virffula (Peradeniya). 

'S.OXMPSS.-YIDMi. 

JProrodon sp. (Colombo). 

AMPHir.TiiPHD.ffii. 

JOion<aus sp. (Colombo). 

NASSijT.Tr>.a!. 

Phaacolodon sp. (Colomibo). 

OoHPor>rD.ai. 

OoVpoda cuotiUtis (HSJaaxdy), 
Tari'FR.TiTHrTTi an 

laotricha prostoma (Colombo). 
DaaytHoha rttm/mcsntitem, (Colombo). 

PASAISOXBIOE£D.a:. 

Slepharooorya veniriouK (Colombo). 

J'noiraoNiD.asi. 

Oolpiditcm sp. (Colom.bo). 

Px.En7BOKnB:MAirD.iss:. 

jBaZ(Z»^jp%<»-i<s sp. (Colombo). 

Pr.AftTITPOIMTT. ^ 

Nyctotherus mcKsrophcayngeMs (Colombo). 
„ papillabua (Paradeniya). 

„ temmtia (Colombo). 

'R i.r.n-KTiTt Tmxi 

BcAcmtiddMm duodeni (Colombo). 
„ TielencB (Colombo). 

» testudima (Colombo). 

Tintinnopaia ovaUs (Madatugama). 

„ laezistria (Miidattigama, Lake Kalawewa). 
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OPHBYOSCOUSOrD^. 

ErUodinium elUpsoideum (Colombo). 

„ longimioleaium (Colombo). 
„ acutomicleatwm (Colombo). 
„ roslratum (Colombo). 
„ pisciotUutn (Colombo). 
„ biconoavum (Colombo). 
„ aavbuim, (Colombo). 
„ aaideMtum, (Colombo). 
„ laierale, (Colombo). 
„ rectong^teitm (Colombo). 
„ hteoispmuim (Colombo). 
„ IcAeroapwum, (Colombo). 
„ waneiiMW (Colombo). 
„ ovo-id^im (Colom.bo). 
„ rhomitoidewm (Colombo). 
„ hismaius (Colombo). 
„ jri66ero*!4TO (Colombo). 
„ tinaoe/ta)/u,<m (Colombo). 
„ injAcum, (Colombo). 
„ msaUa (Colombo). 
„ bursa (Colom.bo). 
„ dvbardi (Colombo). 
Eodinium lobatvm, (Colombo). 

„ reotaoigvllatwm, (Colombo). 

Diplod/invwm, denniaiwm (Colombo). 

„ mxmoecmth/wm (Colombo). 

„ psittaoeum (Colombo). 

Eremoplaatron roatrattim, (Colombo). 
„ robund%mi (Colombo). 

„ bovis (Colombo). 

„ breoispinum, (Colombo). 

„ magnodentatum (Colomibo). 

„ maggU (Colombo). 

Metadinium, meditim (Colombo). 
Elytroplaatron bubdU (Colombo). 
Ostracodinnim mammoswm (Colombo). 
„ graoile (Colombo). 

„ trivesiouXaium (Colombo). 

„ gtiadrivesieula^w, (Colombo). 

„ venust/um (Colombo). 

„ oUpeohim (Colombo). 

„ rugolonccOiim, (Colombo). 

Epidimum ecaudatum, (Colombo). 
omtdatwrn (Colombo). 
bicaudatiim, (Colombo). 
triocmdatum (Colombo). 
guadricaudatum, (Colombo). 
caUaneA (Colombo). 
ebeHemi (Colombo). 

OxyTBIOHEDJE. 

Holostioha mystaoea (Kandy). 
Oonostorrvum affine (Colombo). 
StylonicMa puatulata (Kandy). 

VOBTICBT.T.m^. 

Epietylis anastatica. 
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Distribution of Parasitic Forms. 

Unlike the freshwater Protozoa, the geographical distribu- 
tion of parasites usually follows that of their hosts. Up to 
the present time only a very small number of animals found 
ia India have been examined for their parasites, and a more 
extensive survey is highly desirable. The following lists of 
(i) parasites and their hosts, and (ii) the hosts and their 
parasites, wiU, it is hoped, be found useful, and indicate at 
a glance which of our commoner animals still remain to be 
■examitted for their parasites. 

(i) List of Parasites and their Hosts. 
Parasite. Host. Soat. 

Selleridla maororvudecsta . Bufo mekmosUctms . . . Bectiun. 
Gepedea lanoeolcUa Hema esoulenta var. Hectrnn. 



I longa Bama Utniio<Aaris .... Rectum. 

Bhacophorus mcundatus. Intestine. 

Gepedea metcalfi Bufo mekmostictus . . . Kectiun. 

Gepeiea pwnjcAensis .... Bufo mekmostictus . . . Rectum. 

Gepedea seyoheilensis var. Bona tigrina Intestine. 

angttista. Bufo meUmosHctua . . . Intestine. 

Gepedea sialkoti Bufo macrotia Rectum. 

{jepedea svAoyUndHoa . . B'^fo mekmostictus . . . Intestine. 

Gepedea thiagi Bhacophorus maaidaius. Intestine. 

Opdlma ooraooidea Bona cycmopHydis Intestine. 

Opalina Cioracoidea IcAori- Bana tigrina Rectum. 

ensis. 

Bufo melanostiahiB . . . Rectum. 

Opdliiw, lata Bana V/mnoohxens Intestine and reo- 

ttun. 

Bama heasadactjfla .... Rectum. 

■OpaUna lata var. cordata . Bana cyanophylctis . . . Intestine. 

Bana malaba/nca Intestine. 

■OpaUna pliaata Bufo mdanostiatus . . . Rectum. 

■OpaUna ranarum Bana escidenta Rectum. 

Bana eyamopUycHs Intestine and rec- 
tum. 

Bama tigrina Intestine. 

Bufo dnea-eus Rectum. 

Bufo mdanostietfus . . . Intestine. 

Bufo varidbiUs Rectum. 

■OpalAna sa^^formAs . . Bufo meZanosticiw . . . Rectum tuid in- 

,. . testine. 

Opafono trwmgumris .... Bufo melanostic^us . . . Rectum and in- 
- ,. . , testiae. 

■Opahna mrgtOa Polypedates {Bhacopho- Rectum. 

rus) maddatus. 

„, ., , „ Sufo mekmostiotus . . . Intestine. 

O/Hlodoneila rhesus Macacus rhesus Intestine. 

Gonchopthiriua cuiius LamelUdens tnarginaUa. Mantle-chamber. 

OoruAopthinus lameOidens LamelUdena marginaUs. Mantle-chamber 

■OonOwpthiriuB ehngahta . LameUidens mm-ginaUs. Mamtle-chamber' 
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Parasite. 
Isolrioha intesHnalis 
laotrioha prostoma . . 



Daaytrioha rvmmuirMv/m,. . 

Blepharooorys v&ntiriatM . . 
Anoplophrya selosomaHs . . 
Anophphrya oyUndriea . . 
Anoplophrya dongata . . . 



Anoplophaya Uoydii . . . 
Anoplophrya vcmaMHa 



McmpaseUa nova 

Nyototherus cordiformis 



Nyctotherus henvpi 

Nydotherua macropharyn- 
geua. 



Nyototherus magnus .... 
Nyototherus magntis var. 
malabarioa. 

Nyctothema ovdh's 

Nyetotheme pa/piUaiMS . . . 



Nyetothesnis reniformia . . . 
Nyctotherus termMs .... 
Parabio'acma pheretima . . 
BcdanMdium amygdaUi . . 
BatanMmmi biea/oata .... 
Bcdamtidiwm blattarum . . 

Bcdantidium ooK 

BalantidMim, coh' var. bovis 
BcHantidmm dep/resaiiim . . 
BdlanMdium. duodeni . . . 

BalamMda/mn ehngaium . . 
BaUmtidiwm graoile 



Bcd<mticKu/m helense 



Balantidi/um giffanteum . . 

Bakmtidiuan knowlesii . . . 
Balanttdiiim, ovatum .... 



Host. Seat. 

Boa gaurus Storoaoh. 

Bos gaurua Stoinach. 

Boa vndAavbs Stoinach. 

Gapra hiroua Riiraen. 

Boa indious Stomach. 

Oapra hir<yua Rumen. 

Boa indicus Stomach. 

MlosomaoMoros^/^um. Alimentary catial. 

Vivipa/ra bengcdensia . . Intestinal oanal. 

Small freshwater gas- Beotum. 

tropods. 

Pheretima posthuma . . Seminal vesicles. 

Small freshwater gas- Intestine. 

tropods. 

Pher^ima posthuma . . Alimentary canal. 

PheretrnM hawaycma . Alimentary canal. 

Bufo rrteHamosHotma . . . Intestine and 

cloaca. 

Rana tigrina Intestine. 

Sana maiabarica . Intestine. 

Rana Unmooharis .... Intestine. 

Am^ndlaria globosa . . Rectum. 

Rana tigrina Intestine and 

cloaca. 

Rana cyanophlyeHa. . . Intestine and 

cloaca. 

Rana hexadaatyla .... Cloaca. 

Rana Umnocharis .... Intestine. 

Rana hexadaetyla . Cloaoa. 

Rana tigrina Intestine. 

Periplaneta americana . Mid- and hind-gut. 

Bufo mdanostiatus . . . Cloaca. 

Rhaaophorua maoulatua. Intestine and 

cloaoa. 

Bufo maorotia Rectum. 

Oalotermea mWiaris. . . Intestine. 

Pheretima posthuma . . Seminal vesicles. 

Bufo macrotis Rectum. 

Bufo Tnelanoatictua . . . Reotimi. 

Periplaneta americama . Intestine. 

Soma aapiena Intestine. 

Cattle Intestine. 

AmpuUaria gldboaa . . . Rectum. 

Rana tigrina Duodenum and 

small intestine. 

RaTia tigrima Intestine. 

Rana oyanophlyctis . . . Rectum. 

Rana Tusxadadyla .... Rectum. 

Rana tigrina Small intestine. 

Rama tigrina Intestine and 

rectum. 

Rana oyanopMyotia . . . Intestine. 

Rana Umnoeharis .... Intestine. 

Rana esoulemta var. Cloaca. 

chinensis. 

OuUeoidea peregrinus . . Coelom. 

Periplan^a americana. Intestine. 
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Parasite. 
Bodantidvum, ranarum .... 
BcdanMiwm rheatim .... 
BcdanHdium rotundum . . 

ScdanHdium auahilii .... 
BdUmadium testudin/is . . 
Entodinium bvaraa 

Entodinium ourium 

Entodinivm, duhardi 

Entodinium, lobosospino- 

sum. 
Entodinium eUipaoideum . 
Entodinium longimiclea- 

tvum. 

Eniodinium, ousuionudea- 
tiwm. 

Eniodiwivm, rostrntwm . 

Entodinium, piadcndv/m . . 
Ervtodinium bieoncmnvm . 

Entodirwum, elongatum . . . 

Entodiniwm bifldum 

Entodinium aoiOmn .... 
Entodirmmii aouleatwn . . 
Entiod/imiu/m Vatwai^ 



Entodfywum, reetang^datwn 

Entodinium anteronwAea- 
tum Ueve 

Entodinium anteronuclea- 
twm monoldbwm. 

Entodiniwrn anteronudka- 
Pum dMobum. 

EntodATwu/m bismaius .... 

Entodinium hreoispinvm, . 

ErOodinvum oaudatimi . . 

EmtodAm/u/m dhatterjeei . . . 

Entodinium contraoium . . 

EntodArwwm ehendrse .... 

Entodinium furea dilobtim. 

Entodiniwm gibberoaum . . 

Entodinium indvyu/m .... 

Entodmimn T/xteros^invm . 
E'niodAnium ncmetbuim, . . . 



Entodinium ovaUs 

Entodiniiim omnum 

Eniodinium ovoideum . . . 
Entodimtem ovoido-nuolea- 

tum. 
Entodinium rkomioideuan . 



Host. Seat. 

Rcma tigrina Rectum. 

Maaaous rhesus Intestine. 

Sana esoulenta var. Small intestine. 
cMnenais. 

Bona tvjrina Intestine. 

Nicoria iri()iiga Large intestine. 

Tragulua meminna . . . Stomach. 

Oapra hiraua Rumen. 

Bos gaums Stomach. 

TragvUus meminna . . . Stomiaoh. 

Copra hireus Rumen. 

Copra hirous Rumen. 

Bos indicus Stomach. 

Bos indious Stomach. 

Bos gavrus Stomach. 

Oapra hireus Rumen. 

Bos indioiis Stomach. 

Bos gaurus Stomach. 

Bos vndiaus Stoma/ih. 

Bos indi<Ms Stomach. 

Bos indicus Stomach. 

Copra hirous Rumen. 

Copra hi/rcus Rumen. 

Bos indicus Stomach. 

Bos vndiaus Stomach. 

Bos indicus Stomach. 

Bos vndicius Stomach. 

Copra hireus Rumen. 

Bos indioits Stomach. 

Copra hirous Rumen. 

Copra hireus Rumen. 

Copra hirous Rumen. 

Copra hn/raus Rumen. 

Bos indicus Stomach. 

Bos indious Stomach. 

Capra hirous Rumen. 

Copra hirous Rumen. 

Bos gauirus Stomach. 

Capra hArcus Rumen. 

Capra hirous Riunen. 

Bos indicus Stomach. 

Bos gaurus Stomach. 

Bos indious Stomsich. 

Bos indwms ' Stomach. 

Boa gaums Stomach. 

Bos indious Stomach. 

Capra hirous Rumen. 

TraguXu^ menrnma. . . . Stomach. 

Capra hmxus Rumen. 

Bos indious Stomach. 

Oapra hirous Rumen. 

Bos indious Stomach. 
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Parasite. 

JBntodiniwin setnai 

Entodinvam, simplex 

Entodmiwn tricosiatu/m . . 

Eodirmim lohaiwm 

Eodimum, bUoboaum .... 
Eodinmm reetangtUalum . 
IHplodmimn dentatvam . . . 
lii^lodinium, ceylonicum . 
DiplocKnmm monacan- 

thtim. 
Dipledinkim diacafM,tim . 
Diplodinium triacanthimi . 
Diplodinium tetraccmCku/m. 
Diplodinium perUacan- 

ihum. 
Diplodinium aniaaoan- 

iJium. 
Diplodinium paittaeeum . 

Diplodinium oonaora . 

Diplodiniti/m coatatwm .... 

Diplodinivm, minor 

Diplodinium, oriata-galU. . 
Diplodinium, fldbelhJm . . . 
Eremoplaairon roalratwn. . 

Eremoplaatron rotundum . 
jEremopJaatron bovia .... 
Erem,oplaatron breviapinum 

Er&moplaatron msgedoden- 
tatum. 

iTnaggU . 



Diploplaatron affina . 
M.&adArmjum, medium. 



Metadrnwum, rotundatum, . . 
Elytroplaatron btibali . 

•OatircuMdiMum,(Mp6olwm. . 

Oatraoodinium, gauri . 

Oatmaodinimn graoUe . . . 

Oa^^codinitun mamanoaum 
■Oatraoodinium myaorei . . 
OabraaodAmimm i^iad/riv^ai- 

auHatwrn,. 
Oatraoodinium, ntgolorioa- 

ium. 
Oairacodinium, triveaioula- 

tum. 
Oatraoodinium, venuatmn. . 
Epidinium ecaudatwn . . . 

OIL. 



Host. Seat. 

Oapra Mreua Bumen. 

Copra Mroaa Btunen. 

Bos imUcua Stoinacli. 

Boa indicua Stozaach. 

Boa gaums Stomacli. 

Bos indieua Stomaoh. 

Boa indietcs Stomaoh. 

Boa indious Stomach. 

Boa gaurua Stomach. 

Boa gemrua Stomach. 

Bos gaurua Stomiach. 

Boa gaurus Stomach. 

Boa gaurua Stomach. 

Boa gaurua Stomach. 

Oapra hA/rcua Bumen. 

Bos indious Stomach. 

Oapra hiroua Bumen. 

Oapra JUrcus Bumen. 

Bos gaurua Stomach. 

Oapra Mrous Bimien. 

Boa indAcus Stomach. 

Boa inMcus Stomach. 

Boa gawrus Stomach. 

Oapra hiroua Bumen. 

Boa indioua Stomach. 

Boa indious Stomach. 

Boa indioua Stomaoh. 

Oapra hiroua Bumen. 

Boa indioua Stomaoh. 

Boa indioua Stomaoh. 

Boa gaurua Stomach. 

Copra hiroua Bumen. 

Oaprahi/raus Bumen. 

Boa inMoua Stomach. 

Boa gaurua Stomach. 

Oapra hiroua Bumen. 

Boa gaurua Stomach. 

Boa indioua Stomach. 

Oapra hiroua Bumen. 

Boa indioua Stomach. 

Boa gaurua Stomach. 

Boa gawrua Stomach. 

Boa indious Stomach. 

Boa indioua Stomach. 

Boa gaurua Stomach. 

Boa indioua StomUch. 

Boa indioua Stomach. 

Boa goMrus Stomach. 

Boa indioua Stomiach. 

Bos indioua Stomach. 

Oapra hiroua Bumen. 

Tragukia m,&mnna. . .. Stomach. 
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Paxasite. 
Epidmvum caudatum . 



Epidmitim bicaudatiim. . . 

Epidinium tri-otmdatum . . 

Epidirmim guadriccmda- 
tum. 

Epidmium paroiaaiudcdnMn. 
Epidmvum catumei 

Epidiinwrn eberleini 

Ophryoseolex spmosvs. . . . 
Ophryoseolex triooronatus. 
Polydinuim myaorefum — 
'Bk.phamttypMlMa zeta .... 
Bphserophrya ptisiOa .... 



Host. Seat. 

Bos gaums Stomach. 

Bos indicma Stomafih. 

Oapra Mraua Rumen. 

Tragvlusnienwrvnaii. .. . Stomach. 

Bos indictis Stomach. 

Tragulus me/mn/nma Stomach. 

Bos itiC^Uyus Stomach. 

Tragulus meminna. . . . Stomach. 

Bos gaums Stomach. 

Bos indicfus Stomach. 

Tragulus memmna. . . . Stomach. 

Bos ganj/rus Stomach. 

Bos indieus Stomach. 

Capra Mrous Rumen. 

Bos mduMs Stomach. 

Boa indiciis Stomach. 

Capra hirc/ua R\imen. 

Elephas indictta C»oum and colon. 

Elephaa vnMifua Ceecum and colon. 

Parameomm cavdcctwm. Cytopla 



(ii) lAat of Hosts and ikeir Parasites. 

Host. Parasite. Seat. 

Mjiwiuat. ta. 

Homo sapiens BdUmtidwm ooK .... Intestine. 

Maeaiyua rhesus OMlodonella rheatts . . Intestine. 

BalanHdvum rhesum, . . Intestine. 

Boa mdious Isoiricha prostoma . Stomach. 

DaaytriclM ruminan- Stomach. 

iktm. 

Bhpharocorya ventri- Stomach. 

ouU. 
EThtodmiumeUipsoid&uin. Stomach. 

Entodmvum, longmucle- Stomach. 

ation. 

Entodirmun (Kyutorunde- Stomach. 

ahi/m. 

Eraodviwmn rostratum . Stomach. 

Eraodmium, pisdaukim Stomach. 

.KntodiwwMJi SicoweoOTMJi. Stomach. 

ErOodwmmi, hifidwin . . Stomach. 

ErOodrnvumi acutum . . Stomach. 

ErOodmmm acideatiim: Stomach. 

Eniodinvum laterale . . Stomach. 

Entodmmm reetangula- Stomach. 

^^lm,. 

Entodinimn br^riapi- Stomach. 

wum. 

Entodiiwum, lateroapi- Stomach. 

mvm. 

Mntodinium nemeUhmi . Stomach. 

Entodirmim, cvoideuim, . Stomach. 

Entodmvum rhorrAoi- Stomach. 

dmian. 

Emtodmimm, himasbua. . Stomach. 

Eniodinmm gUt^eroewm Stomach. 
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Host. 
Bos inMous . . 



Parasite. Seat, 

Entodinwm irioostatium, Stomaoh. 

Entodini/umf indiowm, . Stomaoh. 

JBJocUnnan lobatum . . . Stomach. 

Hodinvwm recta/ngula- Stomach. 



Boa gaurua 



Diplodinium dentaMim. 
DvploAinmm ceyloni- 

cum,. 
Diplodinvum psiUae&wm. 
Dvplodinvwm fldbeWmn . 
Mremoplastron rostratum. 
Er&mopltxstron rabwndum. 
Eremoplastron botns. . . 
Eremoplastron irem- 

spinum. 
Ere/moplastron megcdo- 

dentaiwin. 
Sitdiplodirmim, maggU. 
Metadinmm medmrni . 
Elytroplasiron bubdlA . 
Ostrocodinmm, maamno- 

aum. 
Ostrocodimmm, graoile . 
Ostrocodinvmn trwesicu- 

IcUwm. 
Ostrocodmiwn guadri- 

vesicfulaium. 
Ostrocodinium vervustwm. 
Ostrocodinium cUpeoUi/m. 
Ostrocodinium rugolori- 

ccetwm. 
EpiMmum, eavdatvun . 
Epidinmm bioaudeOieim. 
Epidwmmt trvxmdatiuim. 
Epidinvu/m quadricaud- 

atwm. 

Epidinvum oaUanei 

Epidimv/m eberleini . . 
Ophryoacohx apmosua.. 
laotricha intestinaMa . . 
IsotrvJui prostoma .... 
Dasytrioha ruan/man- 

iMim,. 
Entodiniwm, Cfuurtuim, . . . 
Entodmiu/m longimusle- 

atum. 
Entodinium, aoutomude- 

atum. 
Entodinium coniractwm. 
EntodAnvum, iTuMawm . . 
Entod/mvum, ncmeWmn . 
Eodinium biloboswn . . 
Diplodmmm rrumaean- 

thvm.. 
Diplod/irmmn dAaaa/n- 

ih/um, 
Dvplodn/mmn triacan- 

thum. 



Stomach. 
Stomach. 

Stonxaoh. 
Stomach. 
Stomach. 
Stomach. 
Stomach. 
Stomaoh. 

Stomach. 

Stomach. 
Stomach. 
Stomach. 
Stomach. 

Stomach. 
Stomach. 

Stomach. 

Stomach. 
Stomach. 
Stomach. 

Stomach. 
Stomach. 
Stomach. 
Stomach. 

Stomach.. 
Stomach. 
Stomach. 
Stomaoh. 
Stomach. 
Stomach. 

Stomaoh. 
Stomach. 

Stomach. 

Stomach. 
Stomach. 
Stomach. 
Stomach, 
StomBidh. 

Stomaoh. 

Stomach. 

d2 
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Host. 
Bos gaurus. . 



■Cattle 

•Copra Mrczta 



Parasite. Seat. 

DiplocUnium tetraoan- Stomach. 

th/u/m. 

Z>iplodiniufn pentaoan- Stomach. 

thum. 

Diplodinium anisaoan- Stomach. 

thvan. 

Diplodvn/iwm minor . . . Stomach. 

Eremoplastron rostra- Stomach. 

tiitn. 

EtuUplodinium tnaggii . Stomach. 

JkCetadinium medmm . Stomach. 

Metadiivium rotunda- Stomach. 

turn,. 

OstracodiniiMn gauri . . Stomach. 

Ostraeodiniwm, gracile . Stomach. 

Ostracodinwm mysorei. Stomach. 

Ostracodinvwrn triveaicu- Stomach. 

latum. 

Epidvnium caudatum. . Stomach. 

Spidimtum qitadricait- Stomach. 

datum. 

Epidinium parvicau- Stomtach. 

datum. 

JBalantidvum coli var. Intestine. 

bovia. 

laotricJia proatoma .... Rumen. 

OaeytricJuxru/minan- Rumen. 

Hv/m. 

Entodinium, bursa .... Rucaen. 

Untodmiwn dicbardi . . Rumen. 

Srttodimivan Idbospino- Rumen. 

sv/m. 

Sntodinium longinwsle- Rumen. 

atum. 

JSlntodvnivm% bioonoa- Rumen. 

mum,. 

JBlntodimiuan Blongatuim. Rtimen. 

Sntodvniv/m laterale . . Rumen. 

Sritodirwum rectangu- Rumen. 

latum. 

JSntodimvan anterowu- Rtimen. 

deatum laeve. 

JBlntodiimuan arUe/ronai- Rumen. 

cleatum monolobiMm, . Riunen. 

SjntodAmAnjum anteromt- Rumen. 

cleatum dUobwm, 

Sntodvniwn catcdatum . Rujaaen. 

Sntodmiwm, ohattetyeei. Rumen. 

JElTvtodmvum ekendrse . . Rumen. 

£lntodinvum fiirca diXo- Rumen. 

brtTTi. 

SIntod'mwum nanelhtm . Rumen. 

JEntodiniumi ovimum . . Rumen. 

JEntodinvwirbovoido- Rumen. 

nudeatum. 

JEntodinimn setnai .... Runaen. 

JSntodmium, avmplea) . . Rumen. 
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Host. 

Copra hw-ous . 



Elephaa indieua . . 
Traguhis meminna 



BbPTTTiTA. 

Niooria trytiga . . . . 

Amphibia. 
Bcma cyanophlyetis 



Parasite. 

Diplodinium amaacan- 
ihwn. 

Diplodiniwm oonsors . . 

Diplodinium costatum . 

Diplodmium oriata- 
gaK. 

Sremoplastron, rostra- 
turn. 

Bremoplastrcm, brevi- 
spinum. 

Btidiplodinium maggii. 

Diploplaatron affi/ne 

MelaMm/uinrnedium . . 

ElytroplOfSbron bubaU . . 

Epidinium eoaudatum . 

Epidinium, caudatum. . 

Epidinium cattanei . . . 

OphryoscoUas tricoro- 
naius. 

Polydinium nvysoreum. 

Elephcmtophihis zeta . . 

Entodinvm hm-sa .... 

Entodi/nmm, dvbardi . . 

Entodvniwm o/uoMb .... 

Epidinvum, eavudatum . 

Epidmmm caudatum. . 

Epidinmm hicavdatmn. 

Epidinmm trioaudMu/m 

Epidinium guadricaud- 
atwn. 



Seat. 
Kumea. 

Bumea. 
Bumea. 
Bumen. 

BumeiL. 

Bumen. 

Buzaen. 
Bumea. 
Bumen. 
Bumen. 
Bumen. 
Bumen. 
Bumen. 
Bumen. 

Cfficum and colon.. 

Csecum and colon. 

Stomach. 

Stomach. 

Stomach. 

Stomach. 

Stomach. 

StomaiCh. 

Stomach. 

Stomach. 



Balantidvum testudinis. Large intestine. 



Bana esoidenta var. chin- 



Bana hexadadyla 



Sana linmoaharis 



Opalma ooracoidea . 

Opalina lata v. cordata. 
Opalina rancerv/m .... 

Nyctothenta maoro- 

pharyngeua. 
BcAantidium gradle . . 
BakmUdium helenss . . 
Gepedea lanceolata . . . 
Opalina raruxrwm .... 
BtdaiAidviiin gigamieium. 
BdkmSAdlAium, rotumd/wm. 

Opalma lata 

Nyetotke.rua ma/sro- 

pharyngeua. 
Nydotherua magnua. . . 
BcUxmiMAiui/m, graoH^ . . 

Oepedea longa 

Opalma lata 



Balanfiiidi/u/m helenai . . 
Nyctol^iems cordifonma 
Nyctotherua macropha- 
ryng&ua. 



Intestine. 
Intestine. 
Intestine and 

rectum. 
Cloaca. 

Beotum. 

Intestine. 

Bectum. 

Bectum. 

Cloaca. 

Small intestine. 

Bectum. 

Cloaca. 

Cloaca. 
BectTun. 
Beotum. 
Intestine and 

rectum. 
Intestine. 
Intestine. 
Intestine. 
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Host. 
JRana mdlaibarica 



Mtmatigrma 



Parasite. 
OpdHna lata v. cordata . 
Nyctotherua eordiformis 
OpaUna ooracoidea . . . 
OpaUna ranarum .... 



Seat. 
Intestine. 
Intestine. 
Rectxnn. 
Intestine and 

reetum. 
Intestine and 

rectum. 
Rectum. 



ShaeophfOrua maculatus 



Bwfo em&feua . 

Bufo maeroHs . . . 

Sufo meUmostu^ua 



JBujfo vainabiKa 

MOU^TTSOA. 

jS.mjpvllcena globoaa . . . 
IiomieUidena margituMs 



Oepedea seyeheHensis v. 

angusta. 
Nyotothenis macro- 

pharyngeus. 

Nyetothenia magnus v. Intestine. 

'malabanoa. 

NyOotherus oordifanms Intestine. 

BcAamtidmmduodeni.. Dnodeniim and 

small intestine. 

BcAarUidium, elongainim,. Intestine. 

BdUmtidmm graoiU . . Small intestine. 

Bcdantidium, Jielense . . Rectum and 

intestine. 

Baiantidiwin ranamm . Rectum. 

Bcdantidiiim sttshOii . . Intestine. 

Oepedea longa Intestine. 

Cepedea Magi Intestine. 

Opalina virgula Rectum. 

Nyctotherus pofpiClatus . Intestine and 

cloaca. 

OpcHina ranam/m, .... Rectum. 

Oepedea aiedkoti Rectum. 

Nyotothertis reniformis. Rectum. 

BcdantiMum amygdaUi. Rectum. 

? ZeUeriella macro- Rectum. 
nndeata^ 

Cepedea metodlfi Rectum. 

Oepedea punjabensia . . Rectum. 

O&pedea aeychdlensis v. Intestine. 

angtiata. 

Oepedea stiboyKndrica . Intestine. 

OpdHtia coraaoidea. . . . Rectum. 

Opalma pUctOa Rectum. 

Opcdma ranarum .... Intestine. 

(^xMia acalpriformia . Intestine and 

rectum. 

OpcMna triangularis . . Intestine and 

rectuzn. 

OpaUna virgida Intestine. 

NyatotheruB eordiformis. Intestine and 

cloaca. 

NyctotheruspapiUatus. Cloaca. 

Baia/ntidium bicavata. . Rectum. 

OpaHna ranarum Rectum. 



Nyotothems kem(pi . . . 
Bala/nMdvum depresatan 
Oonchopthiriua cwtua . 
Oonehopthiriua lameUi- 

dena. 
OondhoptMrvua eihnga- 

tua. 



Rectum. 
Rectum. 
Mantle-chamber. 
Mantle -chamber. 

Mantle -chamber . 
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Host. Parasite. Seat. 

Small gastropods Anoplopfwya elongata . Eeotum. 

Anoplophrya variahiHs. Intestine. 

Vivipa/ra hengcHensis .... Anoplophrya cyUndrioa Intestinal canal. 

Abthbopoda. 

Calotermea mUitaria Nyctotherua tenmtis .. Intestine. 

Cvlicoides peregrinus . . . . Baiantidvumknoioleaii. Coelom. 

Periplaneta americana . . . Nydtothwus ovaHa Mid-gut and hind- 
gut. 

BaUmtidmm blattarum. Intestine. 

BaUmtidiutn ovatvm . . Intestine. 

Anneixda. 

JBlosoma chlorostietum . . Anoplophrya eelosomata. Alimentary canal. 

Pheretima hawayana .... MaupaaeOa nova Alimentary canal. 

Pheretima posthvffna Anoplophrya Uoydi . . . Seminal vesiolesv 

Matt/paadla nova Alimentary canal. 

Par Aursaria pheretima Seminal vesicles. 

Pbotozoa. 

Parameauim, caudaiiim, . . Sphserophrya pusiMa . . Cytoplasm. 



Teebnique. 

Methods for the examination and study of Pbotozoa are 
adequately dealt with in such works as ftowazek and JoUos 
(1921), Wenyon (1926), Hartmann (1928), Belaf (1928), and 
Gatenby and Cowdry (1928). The principal methods followed 
in the study of the Ciliophoba are given here for the benefit 
of those taking up the study of the group. 

Examination in the Living Condition. — It is desirable to make 
observations on the living animals in the first instance. The 
specimens are mostly studied in a drop of the natural medium 
in which they are found, either under a small cover-sMp or as 
hanging drop preparations. In such preparations the general 
features of the anatomy of the organism can be better inter- 
preted than in the dead and preserved animal. It is also 
possible to observe the animal from different sides. For that 
purpose the cover-slip is carefully removed with the help of 
a needle, and through the addition or abstraction of water 
the necessary pressure on the organism is regulated. One 
has to be careful in these manipulations, especially if the 
organism is rather rare or only few specimens are available. 
If the water imder the cover-slip begins to evaporate, even 
partially, the pressure of the cover-slip becomes sufficient 
to injure the general form or some particular part, and the 
animal is rendered unfit for further study. In some eases the 
protoplasm flows out and the organisms are quickly destroyed, 
in others the protoplasm does not flow out, but the animals 
are killed outright by the gentlest pressure applied to them. 
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As a rule a preliminaiy examination of a sample of water 
should be carried out with the aid of a centrifuge on the 
day the collection is made. With a speed of 2,000 revolutions 
per minute ahnost all the CiKates in a sample are collected 
at the bottom of the tube in about thirty seconds, so that 
it is necessary to examine only 1 centimetre of water, which 
can be drawn from the bottom of the tube by means of a 
pipette. This is rather important if a complete census of 
the forms inhabiting a particular sample of water is to be made, 
as very often some of the less hardy organisms die off during 
the night, especially under the conditions of temperature and 
atmosphere in a laboratory. 

If the observations have to be interrupted (as, for example, 
under the exigencies of class work) it is best to surround the 
cover-slip with a ring of wax or vaseline, or transfer the 
shde to a moist chamber. A jar with a tight-fitting stopper 
and with some wet blotting-paper placed inside it serves 
as a simple but effective moist chamber, in which the slides 
can be kept and observations made from day to day. 
The organisms will live and continue to multiply in such 
a chamber provided they are supphed with their proper food. 
In many cases the drop of water containing the organisms 
may also contain a certain amount of silt or earthy matter, 
and the animal cannot be satisfactorily studied unless this 
is removed. For this purpose a noose of cotton-thread or 
a loop of fine wire can be used. This is introduced into the 
drop of water on a sMe, and by pulling away the noose with 
the earthy particles the drop very often may be rendered 
clear, with the organism swimming freely in it and no longer 
able to hide itself among the earthy particles. 

Parasitic Ciliates should be. examined in the fl.uid in which 
they naturally occur. The contents of the alimentary canal 
of an animal may usually be diluted with ordinary physiological 
saline solution (0-75 per cent, sodium chloride in distilled 
water). 

Slowing iJie Movements. — ^The various methods for slowing 
the movements of rapidly-moving forms, and thus making 
possible their study in the hving condition, are fully described 
by Statkewitsoh (1905). For workers in India I (1920) 
suggest the use of the mucilage obtained by soaking Ispaghul 
seeds (seeds of Plantago ovata). This can be readily obtained in 
varying degrees of consistency, and has the further advantage 
of being perfectly transparent. It can be added directly 
to the drop of water oontaimng the Ciliates on the sMe, or, 
better still, the seeds may be spread at the bottom of a tube 
in a layer about 1-2 cm. thick, and the culture containing 
the Oaiates poured on to them to the height of 8-10 cm.. 
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when in a day or two, by the diffusion of the mucilage into the 
culture, a proper consistency is obtained. If a drop is now 
examined under the microscope the Ciliates wiU be found to 
be moving hardly at all, yet without showing any change in 
body-form or in the character of the ciliary movement of 
the organism. PararmAa and certain other Ciliates show a 
positive chemotactic reaction towards this mucilage, and 
in a culture that has been standing over the seeds for twenty- 
four hours they will be found in large numbers just at the 
junction of the culture fluid and the layer of seeds. 

If the culture is allowed to stand in contact with the 
Isfoghul seeds for two days or a longer period, the colouring 
matter of the seeds also diffuses out into the cultmre, and the 
organisms are thereby stained intra vitcrni a beautiful brick-red 
colour. 

The exact position and character of the cytostome and the 
character and arrangement of the cilia are often dif&oult to^ 
determine in the living organism. For the former a little 
Indian ink or finely powdered carmine paxticles is run 
under the cover-slip, and for the latter the preparation 
may be irrigated with a drop or two of a 1 per cent, solution 
of alum. This latter treatment renders the cilia very distinct 
but often kiUs the organism, so it should be applied only 
after other observations have been completed on the living 
creature. For studying the staJk and title axial filament of 
VorticeUids the addition of a drop or two of 10 per cent, 
alcohol gives the best results. SterUor is best observed ia an 
extended condition by mounting the specimen on a slide, 
covering it with a cover-glass, and leaving it overnight in 
a moist chamber. 

Intra-vitmn, Staining. — ^Examination of the living organisms 
is facilitated by intra-vitam staining : different parts of the 
organism or the contents of the vacuoles are thus coloured 
without killing the ammal or affecting its movements. For 
this purpose " neutral red " in very dilute solution (1 in. 
10,000) may be employed, and it is necessary to add only a 
very small quantity of the stain to the fluid containing the 
organisms. Neutral red assumes a bright cherry-red colour ia 
acid and a brown colour in alkaline media, and thus serves 
to indicate the reaction of the substances which it stains. 

As mentioned above, IspagMd seeds, when added to the 
water containing the Oihates, will serve to slow their move- 
ments as well as to stain them. 

CvMivation. — Cultures of Psotozoa have been classified by 
Williams as being of three types : — 

(1) Mixed CvMures. — ^Those that contain the "omnium 
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gatherum " of pond or tap water ; a heterogeneous 
mixture of protozoan, bacterial and fungoid organisms 
mixed with lower metazoan forms, such as rotifers, 
crustaceans, and so forth. 

(2) Pure Mixed Cultures. — ^These involve the cultivation of 

one species of Peotozoa in association with a pure 
strain of one other miero-organism, such as a bacterium 
or some other protozoon. 

(3) Pure Gultwes. — ^These are cultures of Protozoa grown 

in a medium that contains no other organism. 

If care is taken to keep up the proper food-supply and to 
make up for loss of water by evaporation by the addition of 
more water, it is often possible to keep cultures in good con- 
dition for several weeks. For pure mixed cultures a decoction 
of dry leaves is prepared and sterilized. The sterilized medium 
is then filtered into corked tubes, and a single individual of 
the species it is desired to cultivate is isolated under the 
microscope and transferred to the culture medium. As 
the tubes are not sterilized, and are only half filled with the 
medium, one or more strains of bacteria soon make their 
appearance in the culture, and the Ciliate thrives quite well 
in association with them. 

For the cultivation otParwn&m and some other freshwater 
Ciliates the following methods are usually recommended, 
the object being in every case to develop a bacterial flora 
which will be suitable for fiie Ciliate it is desired to cultivate : — 

(1) Kll to I height a small glass tumbler with boiled water, 

and suspend in it by means of a thread a linen or muslin 
bag containing previously boiled salad-leaves, and 
keep the glass covered with a glass plate. 

(2) A solution of 0-0125 or 0-025 per cent, of Liebig's meat 

extract may be employed as a culture medium. In 
the stronger solution bacterial growth is stronger, 
and the cultiu* must be renewed after eight to ten days. 
In weaker solutions the culture can continue for about 
six weeks. 

(3) Obtain a 6-inoh by 8-uich battery jar and fill it with 

pure distilled water to a depth of 5 or 6 inches. Add 
30 or 40 graios of boiled wheat. After several days 
a heavy bacterial scum wiU develop on the surface 
of the water. Two days after the scum appears 
inoculate by adding Parameda from another culture. 
Parameeia will feed on the bacteria and reproduce 
vety rapidly. They wiU clear up the culture in a few 
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days and will remain in good condition for some time. 

A new culture should be started about once every 

month. 
Barret ajid Yarbrough (1921) reported the successful 
■culture of BaMyandmrn. coU for over thirty-two days, during 
which time eleven subcultures were made. Schumaker (1931) 
has also successfully cultivated the Ciliate on a medium 
consisting of 1-0 c.e. of sterile horse serum and 9-0 c.c. of sterile 
Ringer's solution, following the technique of Rees (1927) and 
of Jameson (1927). Various methods for the culture of special 
■organisms are discussed by Belaf (1928). 

Fixation and Staining. — Of the reagents commonly employed 
the following may be used for fixing : (1) concentrated solution 
of corrosive sublimate, hot or cold ; (2) Schaudinn's sublimate 
alcohol (2 pajts saturated aqueous solution of corrosive sub- 
limate, 1 part absolute alcohol ; immediately before use, 
add acetic acid to the quantity to be used to the strength of 
5 per cent.) ; (3) Bouin's flidd (saturated aqueous solution 
of picric acid 75 parts, formol 25 parts, and acetic acid 6 parts) ; 
(4) Zenker's fluid (mercuric chloride 5 grms., potassium bi- 
chromate 2-5 grms.i sodium sulphate 1 grm. in 100 o.o. of 
distilled water ; with 2-5 to 5 per cent, of glacial acetic acid 
added just before use) ; (6) formalin ; and (6) vapour of 
4 per cent, solution of osmie acid. 

Mass Method. — ^If the Ciliates are abundantly present the 
mass method is used for staining them. The fluid containing 
the Pkotozoa is put in a centrifuge tube and fixative 
(twice the quantity of the fluid containing the Pbotozoa) 
a.dded, and the two well shaken together. The fixative 
is allowed to act, and, after centrifuging, the bidk of the 
fluid is poured off and the washing fluid (alcohol or water 
as the case may be) poured on. After again centrifaging 
this is poured off, and the process repeated imtil the fixative 
is completely removed. Then the organisms are stained and 
dehydrated according to any of the usual methods (such as 
the borax-carmine method or Delafield's hsematoxyhn method), 
centrifuging after each stage. Then clear in clove-oil and 
mount in Canada balsam ; for this purpose pure clove-oil 
is put in the bottom of the tube and absolute alcohol gently 
poured over it, so that the two fluids may not mix. With 
a pipette the material to be cleared is added and allowed 
to sicJs: down through the media. When it has passed through 
the pure clove-oil and reached the bottom of the tube it will 
be cleared and ready for mounting. 

Centrifoged Protozoa, espedatly the parasitic forms, tend 
to stick together in masses after fixation. These can be 
treated like bits of tissue, embedded in paraffin and out into 
sections. 
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Staining under the Cover-slip. — ^For staining large organisms, 
when not abundantly present, the following method is used : — 

Wax feet are put at the comers of a square cover-slip, which 
is inverted over a drop of water contaioing the organisms. 
The wax feet should hold the cover-sUp firmly to the slide. 
With a pipette a little fixative is run under one side of the 
cover-shp, and drawn through by holdiag a piece of filter- 
paper at the opposite side. When the fixative has had time 
to act it is washed out by substituting another fluid (alcohol 
or water as the case may be) and drawing this through with 
filter-paper in the same manner. The stream should not be 
so violent as to wash away the organisms, but the substitution 
should be complete. The stain is then run under, allowed to 
act, and washed out and differentiated if necessary, the process 
being controlled under the microscope. The specimen is 
dehydrated and then cleared in clove-oil or xylol, and a very 
fluid Canada balsam is run under. It is very important to 
see that the transfer from one fluid to another is not too rapid, 
as otherwise there is great risk of shrinkage, and also that the 
dehydration is complete. 

The following is an indication of the length of time generally 
required, but should be regarded as no more than an indication. 
Fix in Bomn's fluid, 6 mins. ; wash in 70 per cent, alcohol, 
6 mins. (several changes) ; stain in borax-carmine, 5 mias. or 
more ; differentiate in acid-alcohol, S mins. or more ; dehydrate 
with 70 per cent., 90 per cent, and absolute alcohol, 5 mins. 
each, changing the absolute alcohol once or twice ; clear 
by running in a mixture of clove-oil and absolute alcohol, 
and then pure clove-ofl ; mount in Canada balsam by rimning 
the same under the cover-slip. 

Staining ihe Organisms fixed, on a Cover-slip. — ^Another 
method, specially serviceable in the staining of parasitic 
organisms, is either to make a number of smears of the fluid 
containing the organism on cover-slips, aaid when the fluid 
has partially dried to invert the oover-shps and let them 
float on the surface of the fixative contained in a dish, or to 
put a small drop of water containing the organism on a cover- 
s|^ and add with a pipette twice the quantity of hot fixative. 
When the organisms are fixed on the cover-sMps these are 
passed successively through the washing fluid, alcohols, stain, 
clearing fluid, etc., all these reagents being contained in shallow 
dishes. In all these subsequent stages the cover-shp is put 
at the bottom of the fluid in the dish, with the face bearing 
the organisms upward. KnaUy, the cover-sHps are removed 
and put face downward, on slides on each of which a drop of 
Canada balsam has been put. In this way quite a large number 
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of smears or preparations can be fixed and stained in practically 
the same time as would be taken to make one preparation. 

Staimng Meihoda. — ^The following stains are usually employed 
for staining the Peotozoa : — 

Borax-carmine. — 'Sis. in Bouin's fluid for 10 to 20 minutes 
aooording to btilk and permeability. Wash out in 70 per cent, 
alcohol (several changes). Stain in borax-carmine till 
thoroughly penetrated; 15 minutes are usually enough for 
small objects. Differentiate in acid alcohol, controlling 
Tinder the microscope. Dehydrate, 90 per cent, to absolute 
alcohol. Put ia clove-oU and absolute alcohol, equal parts. 
After a few minutes transfer to pure clove-oil, and leave 
there tiU cleared. Mount in Canada balsam. 

Dehfleld's Hematoxylin. — ^This is suitable for staining 
Peotozoa in smears or for staining in mass. Pix in Schaudinn's 
fluid. Wash in 30 per cent, alcohol, and bring down through 
10 per cent, alcohol to distilled water. Add a few drops of 
Delafield's hsematoxyUn solution to a watch-glass full of 
distilled water. Leave in stain for a few minutes to an hour 
or more, according to bulb. If overstained, wash out excess 
of colour with alcohol containing 1 per cent, nitric or hydro- 
chloric acid. The material should be brought up from dis- 
tilled water gradually to 70 per cent, alcohol in which there 
is a trace of acid. Dehydrate ; clear ; mount. 

Heidenhain's Iron HsematoxyUn. — ^Fix ia Schaudinn's fluid 
for 10 to 30 minutes, according to size and permeability of the 
object. Bring down through 30 per cent, and 10 per cent, 
alcohol to distilled water. The fixative must be thoroughly 
washed out. Mordant in 4 per cent, aqueous solution of iron 
alimi for ^ hour to 12 hours according to size of organism. 
Wash for a second or two ia water. Stain in Heidenhaia's 
aqueous haematoxyUn solution (about 0*5 per cent.) for 30 
minutes to several hotirs. Wash in water. Differentiate in 
1 per cent, iron alum solution. Control under microscope. 
Wash in naming water for at least half an hour. Bring 
through alcohols to absolute alcohol. Clear in xylol. Moimt 
ia Canada balsam. 

DobeU's Iron Easmatein. — ^Pix ia Schaudinn's fluid. Bring 
down through 30 per cent, and 10 per cent, alcohol to distilled 
water. After washing bring up through various grades of 
alcohol to 70 per cent., and from that transfer to 1 per cent, 
solution of iron alum in 70 per cent, alcohol for 10 minutes, 
(The solution is made by dissolving 1 grm. iron alum ia 23 c.c. 
warm distilled water and adding 77 c.c. of 90 per cent, alcohol). 
Banse in 70 per cent, alcohol. Stain in 1 per cent, solution of 
hssmatein in 70 per cent, alcohol for 10 minutes. iUnse 
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in 70 per cent, alcohol. Differentiate fihns in original iron 
alum solution, and sections in 70 per cent, acid alcoliol. 
Wash in several changes of 70 per cent, alcohol. Dehydrate ; 
clear ; mount. The whole process may be carried out in 
30 minutes. Light green in 90 per cent, alcohol may be 
used as a counter-staia. 

Hsemalmn and Picro-carmine. — ^A drop containing the 
organisms is spread on a cover-slip, and before the preparation 
is dried the cover-slip is inverted over hot corrosive subUmate 
solution contained ia a watch-glass. The animals will thus be 
fixed and will stick to the cover-slip. Then transfer the cover- 
slip for 2 minutes to iodine alcohol, 16 to 30 minutes in 70 per 
cent, alcohol, 16 minutes in weaker alcohols, to water. Stain 
for 5 minutes in dilute hsemalum solution (equal parts of 
stain and water), keep for 3 minutes in water (till no 
more colour comes off), and pass the preparation through 
ascending grades of alcohol (5 to 10 minutes in each) ; or, 
after staining and washing off excess of hsemalum, stain in 
piero- carmine (2 to 3 minutes), wash in water (tiU no more 
colour comes off), and then pass through ascending grades of 
alcohol to absolute alcohol. Clear in xylol (6 minutes), and 
invert the cover-slip over a slide on which a drop of Canada 
balsam has been put. 

In simple staining the nuclei are seen with dark-blue 
stained chromatin on a clear blue ground, in double staining 
on red ground. 

„ Instead of hsemaJum alum-carmine can be used, but not in 
conjunction with picro-oarmine. 

Mcdlory's Eosin and MeOiylene Elm. — ^This is recommended 
for sections fixed in Zenker's fluid. Wash out the fixative 
in nmning water for several hours. Stain in warm 6 per cent, 
aqueous solution of eosin for 20 minutes or longer, wash in 
water, and stain in Uima's alkaline methylene-blue solution, 
diluted with 4 to 5 parts of water, for 10 to 15 minutes. Wash 
in water, dififerentiate in 95 per cent, alcohol, controlling xmder 
a microscope, until sections are pinkish, but nuclei deep 
blue. Dehydrate quickly and mount. 

Mallory's TrypU Stain.— This is recommended for sections 
of tissues containing parasites. Kx in Zenker's fluid. 
Thoroughly wash out the fixative for several hours in gently 
running water. Stain sections in 0-6 per cent, aqueous solution 
of acid fuchsin for 2 to 4 minutes, and transfer to the second 
solution (consisting of aniline blue soluble in water (Grubler) 
.0-5 grm.. Orange G (Grubler) 2-0 grm., 1 per cent, aqueous 
solution of phosphomolybdic acid 100 c.o.) for 10 to 20 minutes 
or longer. Wash and diBferentiate the sections in tap-water 
dehydrate rapidly, clear, and mount. 
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Sharp (1914) empl6yed a slightly modified method for 
demonstrating the neuromotor system in CUiates. Lund 
(1933) recommends Zenker's fluid ■with 2-6 per cent, acetic 
acid, staining the sections for 2 minutes in MaJllory No. I, 
and 1 minute in No. II, then dipping rapidly into 96 per cent, 
and absolute alcohol, blotting quickly between each change, 
and then clearing in xylol for about 3 minutes. 

Silver Invpregnation Methods. — ^Both the dry silver method 
of Klein (1926) and the wet silver method of Gelei and HorvAth 
(1931) depend on the reduction of silver nitrate by sunlight 
depositing colloidal silver on certain structures, which are- 
thus rendered visible. 

(a) Klein's Dry Silver Method. — ^Air-dry the smear. Put 
the slide in 2 per cent, silver nitrate solution in the dark for 
15 to 20 minutes. Rinse in distilled water and expose the slide 
to diffuse sunlight, from time to time watching under th& 
microscope till the ciliary lines are well shown. KnaUy, 
dip the slide in a very weak solution of hyposulphite of soda 
(one or two crystals in 100 c.c. of distilled water) for a very 
short period (one or two dips wiU do). Dry the smear again 
and mount in Canada balsam. 

(b) Qelei and Horvdth's Wet Silver Method. — ^The following 
procedure is suggested by Lund (1933) : — Concentrate the 
Ciliates by centnfuging. Fix for 3 minutes in a mixture of 
95 c.c. concentrated aqueous solution of mercuric chloride 
and 5 c.c. formalin. Wash twice in fiOitered river-water. 
Impregnate for 3 minutes in 2 per cent, solution of silver 
nitrate. Without washing, reduce in distilled water by 
direct surJight for 8 minutes. Wash fi.ve times in distilled 
water. Dehydrate slowly. Pass throu^ absolute alcohol, 
clear in xylol, and mount in Canada balsam. 

Bresslau's Method of Staining wifh Opal Blue. — ^This gives 
very pretty preparations showing the arrangement of the 
cilia and other superficial structures. Centrifuge the Oiliates, 
and put a drop of water or culture fluid containing a large 
number of organisms on a perfectly clean slide. Place close 
to it a similar-sized drop of a colloidal anHin blue stain known 
as opal blue. Mix the two drops and spread out into a film 
either by a needle or a second clean slide, rapidly dry the 
films by swinging in the air, and mount in Canada balsam. 

Griibler's ready-made solution of oyanochin (3 parts of 
China blue and 1 part of cyanosin in concentrated watery 
solution) can be employed in the same way as opal blue. 

Qdei's Osmium-Tohiidin blv£ Method. — ^Very instructive 
preparations of peUioular structure and ciliary arrangement 
are obtained by this method. Fix for 1 to 12 hours in a 
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mixture of 10 parts of 2 per cent, osmium-tetraoxide solution 
and 1 part of formol (as the mixture rapidly deteriorates, it 
should be prepared immediately before use, and fixation 
carried on inside an iron cupboard) or in osmie and acetic 
acid mixture. After fixing in formol-osmium do not wash, 
but put immediately for 1 to 12 hours in potassium-biehromate- 
alum solution (potassium bichromate 2 grms., potash alum 
1 grm., distilled water 100 o.c), then wash for a short time in 
■distilled water and keep for 1 to 12 hours in ammonium 
molybdate solution. After washing again in distilled water, 
stain for 2 to 4 minutes in a 0'3 to 0-1 per cent, watery solution 
of toluidin blue. Then quickly ddbydrate and moimt in 
<I!anada balsam. Cilia, basal granules and many other pelli- 
cular structures are stained deep blue, while cytoplasm and 
nucleus are left unooloured. 
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Phylum PROTOZOA. 



Subphylum CILIOPHORA. 

The subphylum Chjophoea is divided into two classes, 
as follows : — 

1. Provided -with cilia throughout life ; ingestion [p. 49. 

through a ojrtostome or by osmosis Clliata Butsch., 

2. Cilia present only in the young free-swimming 

embryos budded oS £rom the adult. Adult 

provided with sucking-tubes or tentacles which [p. 423. 

serve for ingestion Soetoiia Butscli., 



Class I. OILIATA Butschli. 

The main features of the organisms belonging to this class 
have been outlined in the chapter dealing with the general 
organization and struotuxe. The class Choata is distinguished 
from the class Sxjotoeia by the dlia, covering the body, 
being present throughout hfe, and by ingestion taking place 
through a definite oytostome or through osmosis over the 
general surface of the body. 

The class is divided into two subclasses, PbotooiIiIa.ta 
and Etjohjata, as follows : — 

1. Parasitic forms ; without a oytostome, 

uniformly ciliated, and possessing either 

two or many nuclei, the nudei not being [p. 50, 

differentiated into two kinds Protoelllata Metcalf., 

2. Freshwater or parasitic forms ; the 

majority possessing a cytostom.e, some 

without a oytostome, ciQation entire or 

confined to various paxts of the body ; 

nuclear appaxotos showing a di£Eereatia- 

tion into a macronucleus and a micro- [p. 72. 

nucleus EaelUata Metcalf. 



OHi. 
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I. Subclass PBOTOCILIATA Metcalf. 

Parasitic forms, generally found in the alimentary canal 
of Amphibia. Body oval or elongated, cylindrical or flattened, 
emd covered with a nnifonn covering of cilia, arranged ia 
longitudinal rows. Cytostome absent, liquid food being 
absorbed over the whole surface. Contractile vacuole absent ; 
a non-contractile excretory canal present in a few species. 
Two or many nuclei present, not showing any dififerentiation. 
The nuclei are vesicular. Each nucleus contains, besides 
a, nucleolus, a number of large massive chromosomes or 
inacrochromosomes and small granular chromosomes or 
microchromosomes. In the ectoplasm there are numerous 
spherules known as cytomicrosomes, and somewhat similar 
but smaller granules in the endoplasm are known as endoplasm 
spherules. Multiplication takes place by bioary fission, 
mitotic division of the nuclei being followed by an oblique 
longitudinal spMttiug of the organism. Repeated divisions 
in multinucleate forms give rise to small individuals with 
a smaU number of nuclei. These become encysted and are 
passed out into the water by their hosts. Tadpoles ingest 
these cysts and the CSliates are set ffee in the rectum. In the 
spring, by repeated divisions, minute uninucleate individuals 
.are formed, which aie differentiated as microgametes and 
maorogametes. These conjugate in pairs, and the resulting 
zygotes by continued multiplication of the nucleus become 
the adult multinucleate organisms. 

Metcalf (1918, 1923) has separated the Opalinids from the 
■other CDiates in a separate subclass PROTOcaiiATA. " The 
OpalinidsB are an ofB^oot from the primitive CiHata before 
the latter had acquired true binuclearlty and the subsequent 
dioaorphism of nuclei." Hartog (1906) and Neresheimer (19076) 
placed the Opalinids among the Flagellates, but Minchin 
(1912), Doflein (1916), and other writers have included them 
with the astomatous CSliates. C6pMe (1910) clearly showed 
that the Opalinids are not closely related to other astomatous 
Ciliates, and Metcalf, as the result of his extensive studies 
■on this group, separated them from the other astomatous 
Ciliates and placed them in a separate subclass, in order 
to give expression to their primitive character. G-atenby and 
King (1925) have, hdwevei', "again revived the claim that 
OpaUna should be classified among the Flagellates, since 
its motile organs are flagellar in nature. Their claim rests 
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on their observation that, as in Flagellates, " the ' cilia ' 
enter right into the substance of the organism, and take 
their origia from the peculiar granules wMoh exist in very 
large numbers in the protoplasm of Opcdina " (as shoivn 
in their figure)'. As against this observation we have the 
statement of Metoalf that the kinetoplasm. is in the form of 
basal granules of the cilia, and that a network of neural fibriUse 
connects these. In ProtoopaUna intestinoMs the axial fibre 
of each cilimn arises from a spherical basal granule which 
lies just beneath the peEiole. Bezzenberger (1904) described 
basal granules elongated perpendicularly to the pellicle in 
Cepedea longa. Metcalf found spherical basal granules in 
C. longa. Bhatia and Gulati (1927) found that in Gepedea 
inetcalfi the basal granules of the cilia, which are extremely 
fine, and situated just beneath the pelhcle, are not connected 
with the endospherules that are situated deeper in the pro- 
toplasm ; and the same was also the case in Opaliyta caracoid6a 
and Op<dina ranmrum. 

The subclass includes a single family. 



Family OPALINIDiE Glaus. 

Metcalf has divided the family into two subfamilies, 

as foHows : — rm * =1 

[Mete, p. 51. 

1. Cylindiioal or flattened biauoleate forms . . PBOTOOPAiiXJsmr.ffi: 

2. Cylindrical or flattened iniiltinucLeate forms. OPAUxmsr^Hetc, 

[p. 53. 



Subfamily PROTOOPALININ.^ Metcalf, 1923. 

Opalinids with cylindrical or flattened body and possessing 
only two nuclei. 

No members of this subfamily, which includes the genera 
ProtoopalivM and ZeRerieUa, have been found in India. This 
is in accord with the previous findings of Metcalf. Z. macro- 
mudeata has been reported by Bezzenberger in Bufo melaTto- 
aUctus from "Asia." The presence of a ZeUerieUa in a south- 
eastern Asian toad is so strange that Metcalf questions the 
Asiatic origin of the host. He considers the possibility of 
confusion of labels or of the host in question having become 
infected from some South American Annran. Metoalf opened 
thirty-nine specimens of this toad without finding ZellerieUa, 
and Bhatia and Gulati (1927) have also examined a nnmber 
of specimens of Bufo melanosticfius, but did not find any 
ZeUerieUa in them. 

e2 
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Genus ZELLEBIELLA Metcalf, 1923. 
ZeUerieUa, Hetcalf, 1923, p. 85. 

Much flattened binucleate Opalinids. Nuclei large, about 
10 /i in greatest diameter, with few maorochromosomes, 
4 to 10 so far observed. Microchromosomes equal or about 
equal in number to the macrochromosomes. 

1. Zelleiiella macronueleata (Bezzenberger). (Fig. 1.) 

Opalina macromieleata, Bezzenberger, 1904, pp. 163-6, figs. 14, 16. 
Zelleriella mcneronuAeata, Metcalf, 1923, pp. 117-9, figs. 82, 83. 

Form ovoidal. Nucleus spherical, diameter of resting 
nucleus 12 ft. Ciha miiform, close, length of cilia 4/u. 
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Fig. 1. — ZSieiridla maeromickata (Bezz.). 
(After Bezzenberger.) 

Dimensions.— Length 63^, width 40 /x ; thickness of body 



Bemarks.—The chromatin in the spherical, resting nucleus 
IS m the form of two or three large plaques at the surface of 
the nucleus, while the rest of the nuclear contents show a finely 
reticulate structure. Bezzenberger has figured stages of 
mitosis in daughter organisms. 
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Habitat. — ^Rectum of Bufo meh/nostictus Schneider : Asia 
(exact locality not cited by Bezzenberger). Metcalf has 
expressed doubt as regards the assigning of this ZeUerieUa 
to Bufo tnelanostictua from "Asia." 



Subfamily OPALININiE MetoaJf, 1923. 

Opalinids with cylindrical or flattened body and possessing 
many nuclei. 

This subfamily is -well represented in Indian frogs and toads. 

Key to Indian Gem&ra. 

1. Form oylindrioal, circular in oross-seotioa. . Cbphdba Mete, p. 53. 

2. Form flattened, ^psoidal in cross-section . . Ofaz.ui'a Purk. & Val., 

tp. 60. 

Genus CEPEDEA Metcalf, 1923. 

Oefpe&ea, Metcalf, 1920, p. 136 ; 1923, p. 137 ; Wenyon, 1926, 
p. 1153 ; Calkins, 1926, p. 401 ; Bhatia & G-ulati, 1937, p. 89 ; 
Keichenow, 1929, p. 1164. 

Multinucleate Opalinids that are circular or nearly so in 
cross-section, or at least not uniformly flattened throughout 
the body. 

The genus Cepedea is cosmopohtan, except that it is at 
present not known from Australasia or north-eastern North 
America. Discussing the geographical distribution of the 
species of this genus MetcaJtf comes to the conclusion that its 
place of origia was probably India or some portion of the 
India-Ceylon-Madagascar-Africa bridge. " Two- thirds of the 
fcaown species of Cepedea are from the Eastern Hemisphere, 
a fact which is some indication that the gemxs arose in the 
east. This seems the more true, since we have so scant data 
from Southern Asia. Probably the list of eastern species 
would be considerably increased if we knew the southern 
Asian forms " (Metcalf, 1923, p. 336). Again, on p. 346 of his 
work Metcalf observes, " It is unfortunate that Indian Anura 
have been so Uttle explored for Opalinids, for thorough 
knowledge of southern Asian Opalinids might give hght 
upon the presence of a member of this group of Cepedeas 
in the Seychelles." 

Bhatia and Gulati (1927) examined only Bufo melanostictus 
from Lahore and Bufo macrotis from SiaJkot in the Punjab, 
and found three new species of Cepedea, two in the first and 
one in the second host. No species of this genus were found 
to occur in the three species ofBaTia, viz., B. tigrina, B. cyano- 
pMyctis and B. hexadactyla. 



54 CILIOPHOEA. 

Key to IndAan Species. 

I (3). With, a pointed spine-like projectioa 

at the aaterior end 2. 

2. Body triangular in cross section. 

Posterior end bluntly rounded. [p. .'57. 

Iiength82/tt G.punjaMnsisSii..&G!,. 

3 (1). Anterior end without a spine-like 

projection 4. 

4 (3). Body greatly elongated, anterior end 

rounded, posterior tapering toapoint. 

Length 200-1000 n 0. longa Bezz.. p. 53. 

5 [i). Body not greatly elongated 6. 

6 (9). Body cylindrical 7. 

7 (8). Sides of the body curved. Anterior 

end rounded, posterior pointed. [p. "i*>- 

Length 71-108/t C. metecdf. Bh. & G., 

8 (7). Sides of the body staraight. Anterior 

end presenting a vacuolated appear- 

an<:e, posterior end rounded or some- [p. 60. 

times pointed. Length 125-440/1 . C. tliiagi de MeUo, 

9 (6). Body ovoid or fusiform 10. 

10 (11). Body ovoid, anterior end broad and 

rounded, posterior end slender and 

tapering. Nudei only four or five. [P- 54- 

Lei^h 82 fi C. lanceolata Bezz., 

II (10). Body fusiform 12. 

12 (13). Body suboylindrioal, both ends 

rounded or anterior end less pointed [de Mello, p. 60. 

than the posterior. Length 33-250 ft. C.subcyUndrica 

13 (12). Both ends pointed 14. 

14 (IS). Posterior end drawn out into a sharp [p. 58. 

point. Length 64-89 ft 0.sialkotiBh.&Q.. 

15 (14). Posterior end not drawn out into a [de Mello, p. 38. 

sharp point. Iiength 51-218 jx ... . C. seycheUenaia cmguata 



2. Cepedea lanee'olata (Bezzenberger). (Fig. 2.) 

Opalma l(meeolata, Bezzenberger, 1904, pp. 165-6, pi. xi, fig. 7. 
Cepedea lameohta, Metoalf, 1923, pp. 137-8, figs. 102, 103. 

Body ovoid, -witti anterior end rounded and posterior end 
elongated into a slender tapering point. Nuclei large, 
irregularly spherical ; generally four, rarely five in number, 
lyit^ one behind the other in an axial row ; diameter of nucleus 
7fi. Cilia fine and close ; length of oilia 2/t. 

Dimensions.— Jjsa^ 82 /i, width of body 22^. 

Bemarks. — ^The nuclei are quite large and the number of 
macrochromosomes quite small for a Cepedea. Metoalf 
thinks that in the size of its nuclei and the number of its 
maoroohromosomes C. lanceolata is more like the Proto- 
opalinas than axe other Cepedeas, and may well be a transitional 
spedes between the two genera. 

Habitat. — ^Rectum of Bana escnienta Linn. var. okineTms 
Osbom : Asia (exact locality not cited by Bezzenberger). 
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3. Cepedea longa (Bezzenberger). 



(Kg. 3.) 

167-8, pi. 3d, 



flg. H, 



OpaUna longa, Bezzenberger, 1904, pp. 

text-flgs. 18-20. 
Cepedea longa, MetcaJf, 1923, pp. 168-70, fig. 137. 
^Cepedea longa, de Mello, 1930, p. 9S5, figs. 14-24 ; 1931 a, p. 1184 ^ 
1931 b, pp. 1443-6, pi. xxxviii, flgs. 14r-24. 

Body greatly elongated, rounded in front and tapering 
posteriorly to a rounded point, anterior end flattened ; body- 



Fig. 3. 



B'ig. 2. 
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I"ig. 2. — Cepedea lanceolata (Bezz.). (After Bezzenberger.) 
Fig. 3. — Cepedea Umga (Bezz.). (After de MeUo.) 

broadly elliptical in cross-seotLon. Endoplasm with a thick 
central zone of closely oompaot alveoli, contrasting strongly 
■with a thin and loose peripheral zone. Nuclei spherical or 
ellipsoidal, with a diameter of 4-5-7 (jl. CSlia of moderate 
length. 



f pieBsed to a reference indicates that the record of the species 
from India, Burma or Ceylon is based on this reference. 
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Dimenaions. — ^Length 200-1000 /i, usually 450-576/a ; width 
52-75/t. 

SemarJcs. — ^Bezzenberger describes the basal granules of 
cilia as very slender elongated rods, which is exceptional for 
OpaHnids. Metcalf finds that his specimens are larger, 
have more elongated and smaller nuclei, and the basal granules 
of dlia are spherical or nearly so. 

Habitat. — ^Rectum of Sana Imrnocharis Wiegmann : Asia 
(exact locality not cited by Bezzenberger). liitestine of 
Ehactyphoras maxnUatus : Nova Goa. 



4. Cepedea metealfl Bhatia & Gulati. (Fig. 4.) 

■fCepafea m^oAfi, Bhatia & Gulati, 1927, pp. 89-91, fig. 1. 

Body form varies much ia smaller and bigger forms, but 
intergrades are present. Contour of the body not a straight 



Kg. 6. 




Fig. 6. 




mf ■ ^J—^'P^ '"'■^fi Bh. & G. (After Bhatia and Gulati.) 
IS' aZ^T^ P^njabensif Bh. & G. (After Bhatia and Gulati.) 
Hig. e.— Cepedea seyckettenais var. cmgusta de Mello. (After de Mello.) 

cyhnder, but the sides are curvingin and out sKghtly Anterior 
end rounded, posterior drawn to a point. Tn LaiS^£- 
viduals body pointed at both ends, but posteriori iSoh 
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narrower and tapering. Ciliation jBne and close. Nuclei 
many and ronnded in form. 

Dimensions. — ^Length from 71-108 jtt. 

Bemarks. — ^TJbe pellicle is a fairly thick membrane and 
exhibits longitudinal grooves running somewhat spirally. 
These grooves are demonstrable with difficulty, and the ciliary 
rows are set in them. The outer layer of ectoplasm is homo- 
geneous and does not show any alveoli, reticulations or 
granules. The basal granules of the cilia are extremely 
£ne, lie in this outer layer just beneath the pellicle, and are 
so close set as to make the pellicle appear a thick membrane 
xmder the lower powers of the microscope. The basal granules 
are united by extremely fine threads both longitudinally 
and transversely. The internal layer of the ectoplasm has an 
alveolar structure, the alveoli being bigger than those of the 
endoplasm. There are no ectoplasm spherules in this layer. 
The endop asm is alveolar and the alveoli are smaller than those 
of the inner layer of the ectoplasm. Besides the numerous 
large, rounded nuclei ia this region, there are other spherules 
of a smaller size which are more deeply stainiEig. Each of 
these latter has an outer thick waU bounding a clear area. 
The endoplasm is also dotted over with innumerable darkly- 
staining granules, which may be described as " cytomioro- 
somes." The cilia are small, fine and close set, and are 
arranged iu longitudinal rows ruiming parallel to the margin 
of the body. 

Even the biggest examples of this species are smaller than 
the small specimens of Cepedea pulchra javensis. There are 
many rounded nuclei. In the resting nucleus the nuclear 
membrane is of appreciable thickness. Chromatin may be 
in the form of a single big mass or several smaller masses 
connected by threads, and a number of rod-like masses lying 
just within the nuclear membrane. When dividing, the 
nucleus elongates, a constriction appears in the middle and 
deepens tiU the two halves are practically separated. The 
nuclear membrane does not disappear in the process, and for 
a. time the two daughter nuclei remain connected by a thread- 
like portion derived from the nuclear membrane. 

Habitat. — ^Rectum of Bufo m&lanostictus Schneider : Pthtjab, 
Lahore. 



3. Cepedea punjabensis Bhatia & Gulati. (Eig. 5.) 

f Cepedea puwjabensis, Bhatia & Gulati, 1927, pp. 91-2, fig. 2. 

Eorm oval, with a sharply pointed spine-hke projection at 
the anterior end. Body pulled out along three planes so as 
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to appear triangular in cross-section. Greatest width in 
front of the middle of the body, narrower posteriorly. Posterior 
end bluntly rounded. Ciliation fine and close. Nuclei 
many and rounded. 

Dvmensions. — ^Length about 82 ju.. 

Bernmhs. — ^The layer of ectoplasm is thinner than in 
C. metcalfi, but is weU marked off from the endoplasm, which 
has sm alveolar appearance. There are a large number of 
rounded nuclei. Also contained in the endoplasm in great 
abundance are darkly-staining spherules and minute granules. 
The cilia are fine and close-set. The basal granules are hardly 
visible. Over the general surface of the body the ciKa are 
arrajiged in longitudioal rows. 

This species has some resemblance to C. pulchra javensis 
in its general form, but the specimens are smaller than those 
of 0. pzdchra or its subspecies, and the form is not considerably 
flattened as in that species. 

HaMtat. — ^Rectum of Bufo melanosticiits Schneider : Pttitjab, 
Lahore. 



6. Cepedea seyetaellensis var. angusta de Mello. (Fig. 6.) 

^C&pedea seyckeUensis var. angusta, de Mello, 1932, pp. 96-7, pi. xii, 
fig. 15 ; pp. 105, 124, pi. xiii, fig. 5. 

Form regularly fusiform, with the posterior pole drawn out. 
Body consisting of a peripheral zone of loose alveoli and 
a central zone of smaU and closely crowded meshes, with 
numerous rounded nuclei irregularly dispersed in it. Diameter 
of nuclei 3-3'5fi. 

Ditnensions. — MininuTO 50 ju, by 21 /i, maximum 218/x, by 
39/1, usually between 86-175/i in length. 

Bemarka. — The dimensions of the form encountered in 
Bana tigrina are smaller than those found in Bufo meJano- 
sUctits and quoted above. The eighty-two individuals 
measured by de MeUo were mostly between 75-110 /t in length. 

Habitat. — ^Intestine of Bufo melanostictiis Schneider and 
BaTia tigrina Daud. : Nova Goa. 



7. Cepedea sialkoti Bhatia & Gulati. (Fig. 7.) 

tOepedeo sialkoti, Bhatia & Gulati, 1927, pp. 9Z-B, fig. 3. 

Body has an oval, cylindrical form, pointed at both ends, 
posterior end tapering to a point. Greatest width of the body 
in front of the middle. (Sliation fine and close. Nuclei 
numerous, rounded or oval. 
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Dimensions. — ^Length 64-89 /*. 

Bemarks. — ^The structureless region below the pellicle ia 
hardly defined. The inner layer of the ectoplasm also is not 
well differentiated. The endoplasm has a granular appearance. 
The bigger specimens contain fewer nuclei than the smaller 



Fig. 7. 



Fig. 



K* 
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Fig. 8. 




Fig. 7. — Cepedea aitdkoti Six. & G. (After Bhatia and Gulati.) 

Fig. 8. — Cepedea siibcylin&rica de Mello. Cilia not shown in thd 

figure. (After de Mello.) 
Fig. 9. — Oepedea thnagi de Hello. (After de Mello.) 



ones. The nuclei vary in size. The nuclei showing division 
seem to be drawn out into two points, with the chromatin 
gathered at the poles. The cilia are fine and close-set and 
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are arranged in longitudinal rows on the surface of the body. 
Basal granules are not distinguishable. 

Habitat. — ^Rectum of Bufo macrotis Boulenger : PtrarJAB, 
Sialkot. 

8. Cepedea subeylindriea de Mello. (Fig. 8.) 

^Cepedea stAcyUndrica, de Mello, 1932, pp. 93-5, 130, 124, pi. xii, 

fig. 13. 
■\OpcUina svhcyUndrioa, de Mello, 1932, pi. xii, fig. 13. 

Form elongated, fusiform, the anterior pole in general less 
pointed than the posterior pole. Many variations from this 
form have been seen, the anterior pole in some examples 
being blunt and rounded and the posterior pole having some- 
times the same disposition, so that the organism looks like 
a regular cylinder. Diameter of the nucleus 2-6-3-5ju,. 

Dimensions. — Minimum 35/i by ISja, maximum 260jii by 
SOjii, usually between 80-185 jl* in length. 

Habitat. — ^Intestine of Bufo meTanosticius Sohneid. : Nova 

GOA. 

9. Cepedea thlagi de MeUo. (Kg. 9.) 

^Cerpedea tMagi, de MeUo, 1930, pp. 955-6, figs. 25-31 ; 1931 a, 
p. 1184; 1931 6, p. 1445, pi. xxxviii, figs. 25-31. 

Form cyhndrieal, with the posterior pole roimded or some- 
times pointed, anterior pole with alveoli loosely arranged 
in such a manner as to present a single vacuole surrounded 
by a compact zone. Numerous nuclei, 4r^/x, in diameter. 

DimeTisions. — ^Length, miTiiTmim 125 /u., maximum 440 /i. 

Habitat. — ^Intestine of Bhacophorus maculatus Gray : Nova 

GOA. 

Genus OPALINA Purkinje & Valentin, 1835, 
emend. Metcalf, 1923. 

OpaUna, Purkinje & Valentia, 1836, p. 43 ; Bnglemann, 1876, 
p. 674; Zeller, 1877, p. 352; Hiokson, 1901, p. 404; Metoalf, 
1909, pp» 196-375, pis. xiv-x3:viii; Minchin, 1912, pp. 439, 
452-4 ; Metoalf, 1920, p. 136 ; 1923, p. 175 ; Hegnerfe Taliaferro, 
1924, pp. 383, 410; Wemyon, 1926, p. 1153; Calkins, 1926, 
pp. 374-5, 401 ; Reichenow, 1929, pp. 1164r-6 ; Thomson & 
Bobertson, 1929, p. 276. 

Multinueleate Opalinids with uniformly and much flattened 
body. 

According to Metoalf two subgeneric groups, not sharply 
marked off fifom each other, can be recognized, namely, 
the oblngona-^ks species, Opcdinse angustee, which are in 
general oblanceolate in form, and ranamm-Uke species, 
OpaUnse latae, which are more roimded. 
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Key to iTtdian Species. 

1 (12). More or leas rounded in form 2. 

2 (5). Posterior end of the body -with a 

pointed spur 3. [p. 61. 

3 (4). Porm ovoid, asymmetrical O, coraooidea Bezz., 

4 (3). Form oval, broader, and witli a pro- 

portionately longer and more curved [sis Bh. & G-., p. 62. 

posterior heaik. O. ooraooidea lalumen- 

5 (2). Posterior end of the body broadly 

rounded 6. 

6 (11). Anterior end of the body distinctly 

narrower than the posterior end. 
Width always greater than half the 
length 7. 

7 (10). Form oval 8. 

8 (9). Central medullary zone does not show 

the alveoli crowded together in longi- 
tudinal ooluzons O. lata 'Bezz., p. 64. 

9 (8). Central medullary zone shows the 

alveoli crowded together in longi- [p. 65. 

tudinal columns O. lata cordata de Hello, 

10 (7). Forra ovate. Dorsal surface with two 

or four ridges O. plicata Ghosh, p, 65. 

11 (6) Anterior end only slightly narrower 

than the posterior end. Width less 

than half the length up to two-thirds [p. 66. 

the length O. rananim, (Blhrbg.), 

12 (1). Body oblanceolate in form 13. 

13 (14). Form strongly curved, with long, [p. 70. 

slender, rod-like endospherules .... O. virgiUa Dobell, 

14 (13). Form not strongly curved, without 

rod-like endospherules. Anterior por- 
tion of the body thrown into a 
number of folds or ridges 15. 

15 (16). Body about 4 to 5 times as long as [p. 68. 

broad O. scalpriformia Ghosh, 

16 (15). Body about twice as long as broad. . . O. triangviaris Ghosh, 

[p. 68. 



10. Opalina coracoldea Bezzenberger. (Eig. 10.) 

Opalma coraooidea, Bezzenberger, 1904, p. 166, pi. xi, figs. 8, 9 ; 

Metcalf, 1923, pp. 234-6, fig. 209. 
^OpaUna coraooidea, de MeUo, 1932, pp. 118-9, pi. adv. fig. 4. 

'Faira. very flattened, ovoid, asymetrical. Posterior pole 
in the form of a pointed spur. Numerous nuclei about 3-5/t 
in diameter. 

Dimmsi(ms.—204:[ju by 120fjc (Bezz.) ; 82-136/x, by 45-81/* 
(de MeUo). 

Bemarks. — ^De MeUo in Ms examples found the nuclei to be 
elliptical and measuring 4-5 ju, by 3-88-4-5/t. 
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Fig. 10. — Opcdina coracoidea Bezz. Cilia not shown 
in the figures. (After de Mello.) 

Habitat. — ^Intestine of BaTbu cyanophlyctis Sehneid. ; Nova 
OoA. 



11. Opallna coracoidea subsp. lahoiiensis Bhatia & Gnlati. 
(Kg. 11.) 

OpaHna coracoidea, Bezzenberger, 1904, p. 166, pi. xi, flgs. 8, 9. 
Opcdina coracoidea, Metcalf, 1923, pp. 234-5, fig. 209. 
^Opcdma eoraooidea lahoriensis, Bhatia & Gulati, 1927, pp. 93-6, 
flg. 4. 

Form oval, about 1^ to 2 J times as long as broad, with sharply 
pointed posterior end bent to one side. Broader and with 
a proportionately longer and more curved posterior beak than 
in the typical species. The greatest width is usually near 
the posterior end, but some individuals are broadest in the 
anterior half of the body. 

Dimensions. — ^Length 117-231 ju, width 48-148 /i. 

Bemarks. — ^Bezzenberger (1904) described OpaUna coracoidea 
from BaTia cyamAyphlyctis from "Asia." Metoalf was not able 
to get any material of this species. Bhatia and Gulati (1927) 
recorded the species from two new hosts, viz., Bana tigrina 
and Bufo metanostictus. OpaUna coracoidea is abundantly 
found in Bana tigrina, and maybe regarded as the commonest 
Opahnid in this host. 

The characteristic feature of 0. coracoidea is that the posterior 
end of the body is sharply pointed and beaked, the beak being 
bent to one side. O. japonica also shows a beaked end, but 
the beak is much less developed. The specimens found by 
Bhatia and Gulati were broad, with a proportionately longer 
and curved beaJi. In the outKne of the body, measurements 
of length and breadth, and dimensions of the beak their 
specimens differed markedly from the typical form of 0. cora- 
Midea Bezz., and on accoimt of these differences they described 
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it as a new subspecies ; they have given a full description 
of its structure and life-history. 

The usual layers of the body, viz., the peUiole, the outer ecto- 
plasm, the inner ectoplasm, and the endoplasm are recognizable, 
but the ectoplasm is not so thick as indicated by Bezzenberger 
for 0. coracoidea. The cilia arise from spherical basal granules 
situated just beneath the pellicle and connected with each other 
by fine fibres. The cilia are long and fine and arranged ia 
longitudinal rows. There is a large number of nuclei. Each 
resting nucleus contains fomr large chromatin masses just 
inside the nuclear membrane and one or more karyosomes 



Fig. 11. 



Fig. 12. 




Fig. 11. — OpdUna coracoidea lahoriensia Bh. & G. (After 

Bhatia and Q-uIati.) 
Fig. 12. — OpaUna lata Bezz. (After Bhatia ajid Gvilati.) 



lying in the centre. Smaller chromatin particles are also 
present at the nodes of the achromatin network. The mitosis 
is of the usual type. The chromatin resolves into a number 
of chromosomes which arrange themselves in a linear manner 
on the spindle-fibres. A constriction finally appeais in the 
middle of the elongated nucleus, and the daughter nuclei 
separate. Besides Qie nuclei there are many spherical or 
elongate oval masses called endospherules in the endoplasm, 
and other much more minute, darldy-staining granules, known 
as cytomicrosomes, are found abundantly. 

The full-grown individuals divide by longitudinal or oblique 
fission, but the beaked end is always involved in such a division. 
The two daughter Opahnas, afber separation, exhibit for 
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a time a broad anterior end, and are narrowed and drawn 
out posteriorly into a fine tail, which appears to be a simple 
continuation of the body ; but as the individuals grow 
in size the tail-end assumes a beak-shaped appearance. 

By rapid and repeated divisions smaller individuals, each 
with only two or three nuclei, result. These become encysted, 
and such infection cysts, passing out with the fseces, are 
readily devoured by other tadpoles or frogs. Cysts were found 
in the stomach and duodenum of a frog. On the cyst- wall 
being dissolved minute individuals screw themselves out. 
These individuals possess two or more nuclei and a number of 
ohromidial masses lying close to them. Having escaped jfrom 
the C3rsts they divide into as many paxts as there axe nuclei, 
and thus form uninucleate gametes. The gametes in this 
species are nearly similar. In conjugation tiiey are seen to 
approach each other either by their tail or by their anterior 
ends, lie parallel to one another, and then fuse. Copulation 
cysts were not found, and development of zygotes into fall- 
sized OpaHnas was not followed. 

Habitat. — ^Rectum of Sana tigrirta Daud. and Bufo melano- 
aticUcs Schneider : PtnsrjAB, Lahore. 



12. Opalina lata Bezzenberger. (Fig. 12.) 

Opcdma lata, Bezzenberger, 1904, pp. 16ft-7, pi. xi, fig. 10 : MetoaJf. 
1923, p. 238, fig. 213. r ±- -e 

■^OpdUna lata, Bliatia & Gulati, 1927, pp. 97-8, fig. 6. 
\OpaKna lata, de Mello, 1932, pp. 117. 

Form oval, anterior end narrower, posterior broadly rounded. 
Rows of oUia extraordinarily close together. Nuclei very 
numerous. 

Dimensions.— IjengOi. of body 260-300 /tt, width 180-224a. 

Bemarks. — ^The anterior half of the body is more or less tri- 
angular. The greatest width is about the middle of the body. 
Some specimens of 0. ranarum approach this species in form, 
but the relative proportion of the length of the body to the 
breadth is never 2 : 1, as it is in 0. ranamm. La O. lata the 
breadth is always greater than half the length, and is very 
nearly eq\ial to it in some examples. Bezzenberger gives 
0-3 mm, as length and 0-18 mm. as breadth, but specimens 
found at Lahore were usually shorter and broader. De Mello 
gives 60^ by 40/ii as the minimum and 160;u. by SOu. as the 
maximum dimensions, usually the length of his specimens 
being between 120-140 /i. His specimens were thus markedly 
smaller than is generally the case for the species. The rows 
of cUia are extraordinarily dose together and the cilia are very 
close-set in the rows. The nuclei are very numerous and smaller 
than those of O. raaiarum. 
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Habitat. — Rectum of Rana li/mnocharis Wiegmann and 
JR. hexadatAyla Lesson : Asia (exact locality not cited by 
Bezzenberger) ; R. hexadactyla Lesson : PtTNjAJs, Lahore ; 
intestine a£ Rana limrMcharia Wiegman : Nova Goa. 



13. Opalina lata var. eordata de Mello. (Fig. 13.) 

■\OpcMna laia vax. eordata, de Hello, 1932, pp. 114-16, 118, pi. ziv, 
figs. 2, 3, & 6. 

Form oval, with the anterior end narrower and posterior 
•end broader and rounded. Width usually greater than half the 
length. Body shows a fine membrane, a cortical zone, and 
.a central medullary zone formed of alveoli closely crowded 
together. The disposition of these alveoli in longitudinal 
•columns or bundles is chaxaeteristio of the variety, bands 




Fig. 13. — OptMna lata var. eordata de Mello. a, dividing forms. 
Cilia not shown in the figures. (After de Mello.) 

of closely crowded alveoli alternating with bands of loose 
amd colourless alveoli. Nuclei rounded or oval, generally 
elliptical ; diameter of nuclei 2-5 /j.. 

Dimensions. — Minimum 30u by 20^ (young forms), maxi- 
mum 340 ju. by 170 ju,, usually between 160-245/* in length. 

Habitat. — ^Intestine of Rana malabarica Tsch. and R. cyano- 
pMyctis Schneid. : Nova Goa. 



14. OpaUna plieata Ghosh. (Fig. 14.) 

■^Opalina pUoata, Ghosh, 19196, p. 102, figs. 3, 4 ; 1921, p. 6. 

Body broadly or elongately ovate (slightly longer than broad), 
•tapering ajid rounded anteriorly, wide and rounded posteriorly. 

CHi, F 
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Dorsal surface -witli two or four ridges, two of which are nearly 
parallel and extend from near the anterior end down to each 
side posteriorly ; sometimes in broader forms two ridges of 
one side may be absent. Numerous nuclei. 




Fig. 14. — QipallMui, pUoaia Ghosh. 
Cilia not shown, in the figure. (After Ghosh.) 

Habitat. — Intestine and rectum of Bufo melanostictus- 
Sehneid. : Calcutta. 



15. Op^na ranamm (Ehrenberg). (Fig. 15.) 

Buraaria ranarwm, Ehrenberg, 1831, p. 110 ; 1835, p. 164 ; 1838, 
p. 330, pi. xxxv, fig. 7. 

Ojtalina ranmrvm., Purkinje & Valentin, 183S, pp. 43, 59 ; Dujardin, 
1841, pp. 462, 463, pi. xui, fig. 13 ; Clapar&de & La,<dunann, 
1858-61, p. 374 ; Stein, 1859 6, p. 37 ; 1867, pp. 10-11, 24. 

Buirsaina ramarum,, Ray Xiankester, 1870, p. 148, pi. ix, fig. 9. 

OjioMna, ranarmn, Engehnann, 1876, pp. 874-7, jS. xxi, figs. 1-16 ; 
Zeller, 1877, pp. 353-65, pi. ssiii, figa. 1-26 ; Kent, 1880-2, 
pp. 559-60, pi. xxvi, figs. 1-9, 20, pi. xxxi, fig. 19 ; BQtsohli, 
1887-9, pp. 1718-19, pi. Ixv, fig. 8, a-^ ; Sohewiakofi. 1896, 
p. 393, pi. vi, fig. 153 : Loewenthal, 1904, pp. 387-90, figs. 1-10 - 
1909, pp. 116-20, 1 fig. ; Metealf, 1923, pp. 222-t, figs. 197-8 ; 
King & Gatenby, 1926, pp. 217-19, pi. xxi ; Wenyon, 1926[ 
pp. 1154r-7, figs. 488-9. 
•fOpoKno ranarvm,, Bhatia & Gnlati, 1927, p. 96, fig. 5. 

Opdlma rcmarvm, Reicheuow, 1929, pp. 1159-65, fies. 1145-6 
1148-51. 
■^OpcMna raruxmm, de HeUo,. 1932, pp. 98-100, 124, pi. xii, fig. 17; 
pp. 103-5, pi. xiii, fig. 4 ; p. 118, pi. xiv, fig. 5. 

Form variable, generally oval, anterior end being a little' 
narrower than the posterior, which is broadly rounded. Length 
of the body one and a half to three times tilie width. 



OFAXXSA. 



67 



Dimensions. — Minimnm 80/* by 27 /a, maadmitm 299^ by 
106/i, usually between 120-190/x. in length ; diameter of 
nucleus Sfji.. 

Bemarka. — ^Both 0. ranarum and O. coraooidea are usually 
found inhabiting the rectum ofSaTta cyanophlyotis. Grenerally 
in these infections there are a few specimens of 0. coracoidea 
along with a very much larger number of 0. romarum. 

The ectoplasm is thick. The pellicle and the basal granules 
from which the cilia arise are distinctly seen. The anterior 
edge of the body is specially thickened. The cilia are fine 




!Fig. 15. — OpaMna rcmarwm (Ebxbg.). (After Bliatia & Gulati.) 

and close-set and arranged in longitudinal rows. The ciliary 
lines run in continuous spirals on the two surfaces of the 
flattened body. 

The endoplasm has the usual structiire. The nuclei are 
numerous. They aU show one or more massive clumps of 
chromatin lying within the nuclear membrane. These masses 
are seen to be conneoted by fine chromatin fibres forming 
a network. The nuclei and the endospherules are specially 
crowded together in the anterior region of the body. 

Habitat. — ^Rectum of Barui escuknia, Bufo cin&reus, and 
Bwfo variabilis : Asia, (exact locality not cited by Bezzen- 
berger) ; rectum of Raria cyaTtapMyctis Schneider : Puttjab, 
Lahore ; Intestine of Bana tigrina Daud., R. oyanopMyotia 
Schneider, and Bufo melanostictus Sohneid. : Nova Goa. 



1-2 



68 



CmOPHOEA. 



16. Opalina scalpriformis Ghosh. (Fig. 16.) 

^OpaMna scalpriformis, Ghosh, 1919 b, p. 103, fig. 5 ; 1920 b. pp. 78-84 
2 pis. ; 1921a, p. 6. 
Opaima obtrigonmdea forma, plicata, Metcalf, 1923, p. 185, flg. 154. 
■fOpaUna sccO^forrms, de Mello, 1932, pp. 97-8, pi. xii, flg. 16. 
■\Opaiina obtrigonoidea forjna plioata, de MeUo, 1932, pp. 123-4 . 

Body elongated cylindrical, anteriorly rounded, posteriorly 
narrower. Anterior portion of the body thrown into a variable 
ntumber of longitudinal folds or ridges. 

Dimenisions. — MininmrQ 97^ by 23jU,, maximum SSOya by 
76/i, usually between 140jU. and 275/i in length. Diameter 
•of nuclei 3-3-6 /a. 

Bemarks. — Ghosh (1919) described 0. scaVpriformis as a new 
species, with the foUowiag brief description, and later (1920) 
■described its cytology more fully : — " Body elongated, about 




Pig. 16. — OpMna accUpriformis Ghosh. Cilia not shoTirn 
in the figt^s. (After de Mello.) 

4 to 6 times as long as broad, being flattened at the anterior 
end with a truncate edge, four sided (in transverse section) 
in the anterior half or so, and cylindrical and slightly tapering 
to a blunt point posteriorly ; the four ridges in the anterior 
portion of l3ie body rim in a slightly spiral curve posteriorly, 
;so that the animal appears twisted round the long axis ; 
numerous nuclei." De Mello (1932) has studied the form 
more fuUy, and has given the measurements and figures of 
a number of individuals. He identifies it with O. obtrigonoidea 
forma plicata Metcalf, 1923. 

Habitat. — ^Intestine and rectum of Bufo melanoatictijis 
Schneid. : H'msajJU, Calcutta ; intestine of Bufo melanosOctua 
Schneid. : Nova Goa. 



17. Opalina triangularis Ghosh. (Fig. 17.) 

tOjjflWno triangularis, Ghosh, 1919 6, p. 102, figs. 1, 2 ; 1921 a, p. 6. 

Opalina obtrigonoidea, Metcalf, 1923, pp. 177-85, figs. 143-53. 
iiOpdUna triamgulaHs, de Mello, 1932, pp. 9S-6, pi. xii, fig. 14. 
iOpalma obtrigonoidea, de MeUo, 1932, pp. 122-4. 

Body oblaneeolate, more or less rounded and widest an- 
teriorly, narrow and tapering posteriorly, one margin of the 
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body convex, the other concave. Differentiated from 
0. obtrigona by its greater diversity in form, not only between 
different infections, but between different individuals in a single 
infection, and by the smaJil size of its nuclei. Diameter of 
nuclei, 3-4/i. 

DimeTisions. — ^Minimum 85/* by 40/i, maximum 390/^ by 
176fi, usually between 150 and 300 /i, in length. 

B. marks. — Ghosh (1919 6) described 0. triangularis as a new 
species, giving a brief description, which is quoted below, as it 
is published in a journal which is not easily obtainable : — 
" Body flattened, leaf-like, twice as long as broad or less. 




Fig. 17. — OpaMna triangidaris Ghosh. Ciha not shown 
in the figures. (After de Mello.) 



widest in the anterior body-half ; one side nearly straight, and 
other strongly convex, giving the appearance of two curved 
sides meeting at the widest part of the body ; anterior end 
rounded and in the same line with the straight side ; posterior 
end tapering and rounded ; numerous nuclei." De Mello 
(1932) has studied the same form more fully, smd given the 
measurements and figures of a large number of individuals. 
After identifying his form with 0. triangularis Ghosh, he has 
later come to the conclusion that both Ms form and liiat met 
with by Ghosh belong to the same species as O. obtrigonoidea 
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Metcalf, 1923. The name 0. triangularis Ghosh must be 
giveu priority over O. obtrigonoidea. Metcalf described many 
varieties, and 0. triangTdaria shows the closest resemblance 
•with the one described from Bana -pipiens (Metcalf, 1923, 
fig. 150, c). 

HaMtat. — ^Ihtestiae and rectum of Bufo mslanostictua 
Sohneid. : Bhn"GAI., Calcutta ; intestine of Bufo melanoatictics 
Sohneid. : NovA Goa. 



18. Opalina virgula DobeU. (Pig. 18.) 

^Opalma virgtila, DobeU, 1910, p. 76, pi. ii, fig. 17. 
Opedma vvgula, Metcalf, 1923, pp. 202-3, fig. 171. 
^OpaUna vvrgtia, de Mello, 1930, pp. 952-6, figs. 1-13; 1931a, 

p. 1184 J 1931 b, pp. 1442-3, pi. xxxviii, figs. 1-13 ; 1932, 

pp. 92-3, pi. xii, fig. 12. 

Body-form strongly curved, long and slender or broader 
and shorter, "with the greatest width in the anterior half, 




Kg. 18.— OpoMna virgiila, DobeU. Cilia not shown 
ia the figures. (After de Mello.) 

posterior end always narrower and rounded. Nuclei many, 
Iflige, spherical ; diameter of nucleus 4-5-5-6/i. Cytoplasm 
with large number of elongated, slender endospherules, which 
lie with their long axes transverse to the length of the body 
and parallel to its surface. Cilia fine, close, and moderately 
long. 
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Dimensions. — ^Length of body 38-380 /i, usually between 
100-200 /Aj width 13-85 ju, at the broadest part of the anterior 
portion. 

Bemarks. — ^Metoalf considers the occurrence of 0. mrgida in 
Folypedates {%) maaidaiua from Ceylon as a most surprising 
occurrence which needs careful scrutiny. With the exception 
of Opcdina virgvUa, the Ceylonese form, the virgukt-like species 
•are so similar to obtrig(mar]ike species, both in structure 
and distribution, that they may be treated together as one 
group. 0. virgula is demarcated by its long, slender, rod-like, 
endoplasmic plastids. Metoalf is inclined to believe that it 
should be regarded as distinct in origin from the other OpaUnee 
anguslss, and that it probably arose independently from some 
Cep^f&a. 

Habitat. — ^Rectum of Folypedates (Rhacophorus) macvketits 
{Gray) : Ceylon, Peradeniya ; Nova Goa ; intestine of Bufo 
melanostictus Sohneid. : Nova Goa. 



72 OtLIOEBCORA.. 



11. Subclass EUGILIATA Metcali. 

The subclass EtroiLiATA includes Ciliates which show the 
characteristie nuclear dimorphism, a macronucleus and 
a mioronucleus being always present. 

The shape of the body varies considerably : it may be 
ovoid, elongate, dorso-ventrally flattened, or bell-shaped. 
The forms are free-swimming or attached by means of a stalk. 
The majority of them possess a mouth or cytostome followed 
by an oesophagus or c3rfcopharyTax leading into the endoplasm. 
Very often the cytostome is situated at the end of a groove 
or depression known as the peristome. The cilia are imiformly 
distributed over the body or are restricted to particular 
areas. By fusion of adjacent cUia either stout processes, 
known as cirri, or m.embranes may be formed. In a large 
number of forms special adoral cilia are arranged in a spiral 
manner in front of the cytostome and are continued into the 
eytopharynx as cUia or as membranes. In one group of 
parasitic Ciliates the cytostome is absent. 

The subclass is divided into the following four orders : — 

1. Body uniformly covered witli oilia, or 

cil^ liinited to oeitain areas. No adoral 

zone of spirally arranged oilia Holotricha, p. 73. 

2. Peristome provided with an adoral zone 

of spirally arranged cilia 3. 

3 (6). From its starting point at the anterior end 

of the body the adoral zone turns to the 
right 4. 

4 (S). Entire body, or at least the ventral surface, 

covered with cilia Spiiotticha, p. 209. 

5 (4). Entire body not covered with ciUa. 

Adoral zone not formed of distinct 

m.embrane]les Chonotrieha, p. 422. 

6 (3). I'rom its starting point at the anterior end 

of the body the adoral zone turns to the 
left. Body not covered by oilia except 
for a posterior ciliary wreath, which 
may be temporarily or permanently 
present Peritrlcha, p. 393. 
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I. Order HOLOTBICHA Stein. 

The order Hobotbicha includes forms in which the body 
is xiniformly covered mth cilia arranged in longitudinal 
rows, or the cilia may be restricted to certain areas. Cyto- 
stome usually present (absent only in Astomata), and may be 
terminal, subterminal, or somewhere on the ventral surface 
or the right side. Cytostome may be a simple opening leading 
to a tubular cytopharynx, not provided with special cilia 
or membranes (Gymzstostomata), or the cytopharynx may be 
provided with free oiha (Teichostomata) or with membranes 
(Hymbitostomata). Some forms bear a contractile proboscis. 
Spines and caudal filaments are present in some forms. 
Nutrition is holozoic, or parasitic (in Astomata). Reproduction 
by transverse fission. Encystment common. Found ia 
fresh water, brackish water, or, less commonly, in sea water. 
Some forms are parasitic. 



Ideraification Table of Suborders. 

1 (6 or 9). Cytostome present 2. 

2 (3). C^ostome kept closed except at the 

moment of ingestion, not provided with 

cilia or membranes ; cytophaiyns: 

simple or supported by a rod-appara- [p. 74. 

tus ; peristome usually absent Gymnostontata, 

3 (2). Cytostome permanently open, provided 

with cilia or membranes ; oyfcopharyna:, 
if present, bearing cilia or membranes ; 
peristome usually present ; not para- 
sitic in Molluscs and not strikingly 
thigmotactic 4. 

4 (6). Oral groove provided -with more or less [p. 137. 

thickly situated rows of iiree cilia .... Triehostomata, 

5 (4). Oral groove provided with membranes 

formed by the fusion of one or more [p. W2. 

rows of cilia, and also with fine cilia . . Hymenostomata, 

6 (1 or 9}. Cytostome present or rudimentary or 

even absent ; parasitic on Molluscs, 
etc., or commensals on other Cilio- 
phoia ; strikingly thigmotactic 7. 

7 (8). Strikingly thigmotactic, with a dliated 

area specially diSerentiated for attach- 
ment to a substratum ; usually found 
in the branchial cavities of mussels; 
a few forms ectoparasitic on Vorti- [p. 193. 

eellids and Suctoria TMgmotrlcha, 
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8 (7). With complicated life-history aad change 

of hosts ; alternately on the body of 

Crustaioea of in Coelenterates ; a few 

forms endo-parasitio in Cephalopoda 

and Heteropoda Apostomea,p. 198. 

S (1 or 6). Cytostome absent Astomata, p. 199. 



1. Suborder QYMN08T0MATA BtitschU. 

HoLOTEiOHA with body not always entirely covered with 
dlia. CSlia may be confined to one side of the body or limited 
to widely separated spiral rows. Cytostome lies on the surface 
of the body — that is, it is not sunken, and no peristomial groove 
leads to it. It is kept closed except at the moment of ingestion, 
and is not provided with ciha or membranes. It may be 
round or sUt-lLke and situated at the anterior pole (Pbo- 
stoma-Ta), or shifted back so as to he along one border (Plbtieo- 
stomata), or He on the ventral siurface (HTneosTOMATA). 
Cjrtopharynx is tubular, simple or provided with rod-apparatus 
consisting of trichites. 

In some forms the body is covered with a tightly fitting 
armour of plates. Pseudopodia are present in some forms in 
addition to cilia. 

The genera of Gxbotostomata are classified into fourteen 
famihes, which are placed in three tribes, as follows : — 

<1). Cytostome at the anterior pole or its 

immediate neighbourhood Prostomata, p. 74. 

(2). Cytostome dit-like, running from, the anterior 

pole along the compressed ventral border 

or rounded and situated at the base of a [p. 105. 

proboscis Pleurostomata, 

(3). Cytostome in the anterior half of the 

flattened ventral sorfiBMje Hypostomata, p. 124. 



1. Tribe PEOSTOMATA SchewiakofE, 1896. 

Gymnostomatous Ciliates with the cytostome at the anterior 
pole of the body or close to it. 

Identification Tabk of the Families, 

1 (2). Cytostome slit-Kfce, surrounded by a 

prominent, laterally compressed, 

padded margin provided with trioho- • [p. 101. 

°S^^ SpatMdlldffl Kaio, 

2 (1). CjrtoBtome round, with or without 

padded miargins 3. 
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3 (4). Cytostome borne on a receptacle situated 

on the anterior part of the body ; test- 

dweUiog Metaoystidae * Kahl. 

4 (3). Cytostome ■without receptacle, not test- 

dwelling S. 

Ji (6). Cjrtostome at the Bnnrmit of an apical 
truncated cone, which is siurounded 
at its base by a ciliary girdle, with one 

or more additional oiliaiy girdles; rest [p. 93. 

of the body uniformly cUiated or naked. Dldlnild89 Poc^e, 

6 (5). Cytostome at the anterior end 7. 

7 (8). Body covered with a lorica of regularly [Lachm., p. 96. 

arranged plates Colepidae Clap. & 

8 (7). Surface of the body otherwise 9. 

9 (10). Body with radially arranged, stiff, [Kent. 

retractile pseudopodia Actlnobolinidae * 

10 (9). Body without pseudopodia 11. [p. 75. 

11 (12). Body uniformly ciliated HolophryldSB Perty, 

12 (11). Long cilia densely covering entire 

anterior end, cilia over rest of the body [p. 103. 

may be absent^ parasitic BUtsehllidSB Poche, 



1. Family HOLOPHRYIDiE Perty, 1852. 

Body spherical or ellipsoidal, with cilia umformly arranged 
in longitudinal rows ; not covered with a lorica and not 
provided with retractile pseudopodia. Cytostome round, 
situated at the anterior end, not provided with any special 
appendages. Cs^tophaxynx almost always provided with 
trichocysts or trichites. 

Key to Indian Genera. 

1 (8). Body egg-shaped or flask-shaped, never 

with an oral cone which is provided 
posteriorly with a wreath of longer 
cilia 2. 

2 (3). Posterior end of the body with one or [Lachm., p. SO. 

more setse Ubothbicha. Clap. & 

3 (2). Posteriorendof the body without setse. . 4. 

4 (7). Body not drawn out into a neck 5. 

5 (6). Cytopharynx absent or tubular, with at [p. 76. 

the most weakly developed rods HoiiOPHBYA Ehrbg., 

6 (5). Cytopharynx conical, with distinct rods [p. 81. 

or fine longitudinal striations Pkobodon Ehrbg., 

7 (4). Anterior end drawn out EnoeblisHuII., 

8 (1). Body elongate, worm-like or flask- [p. 90. 

shaped, may be provided with an oral 
cone ; at the posterior end of which is 
a circle of longer cilia 9. 

• Indicates that no representative of the family has been recorded 
from India so for. 
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9 (10). With an anniilar furrow near anterior 

eud, inarking ofE an apical portion [p- 85. 

provided with spiral rows of oiUa .... Laqbymaria Ehrbg., 

10 (9). Without an annular furrow marking off 

an apical portion 11. 

11 (12). Anterior region not narrowed ; no spiral [Ehrbg., p. 92. 

stripes Tbacheloobboa 

12 (11). Anterior region narrowed, with longi- [p. 92. 

tudinal or slightly spiral stripes Ch^stba Quenn., 



Genus HOLOPHRYA Ehreaberg, 1831. 

Holophrya, Ehrenberg, 1831, p. 101 ; 1838, p. 314 ; ClaparSde & 
Laohmaim, 1858-61, p. 312 ; Fromentel, 1874, p. 188 ; Kent, 
1880-82, p. 498 ; Sohewiakoff, 1889, p. 10 ; 1896, p. 118 ; Boux, 
1901, p. 20 ; Penard, 1922, p. 13 ; Calkins, 1926, p. 404 ; Lepsi, 
1926 a, p. 34 ; Schoenichen, 1927, p. 177 ; Sandon, 1927, p. 171 ; 
Eeiohenow, 1929, p. 1168; Kahl, 1930^, p. 47. 

Animalcules free-swimming ; body regularly ellipsoidal to 
cylindrical, nearly uniform at the two poles or with the hinder 
end somewhat poiated, flexible, unSbrmly ciMate. Mouth 
terminal, situated at the anterior pole, generally with no 
specially large cilia round it ; pharynx absent, or when present 
a short simple tube without or with weakly-developed rod- 
apparatus. Anal aperture situated at the posterior extremity. 
Contractile vacuole usually single, terminal, sometimes with 
a few smaller ones in its neighbourhood, or more numerous 
and arranged in rows. Macronucleus spherical, oval, kidney- 
shaped, horseshoe-shaped, or elongated band-shaped. Micro- 
nucleus small, oval. They form spherical cysts surrounded 
by a gelatinous ca^se inside which in certain cases numerous 
small swaxm-spores are produced by rapid and repeated 
fission. Presh water and mariae, sometimes parasitic on 
freshwater fish. 

Key to Indian /Species. 

1. Cytopharynx absent 2. 

2 (5). Contractile vacuole tenmnal or sub- 

terminal 3. [p. 79. 

3 (4). Maoronudeus rounded or oval H. simplex Sohew., 

4 (3). Macronucleus band-shaped H. indioa Bhatia, 

5 (2). Contractile vacuole not terminal or sub- [p. 78. 

terminal 6. 

6 (9). Macronucleus single 7. 

7 (8). Maoronudeus spindle-shaped, contractile [Ghosh, p. 77. 

vacuole lateral in the posterior fourth . . H. bengalensis 

8 (7), Maoronudeus rounded, contractile vacuole [p. 79. 

lateral, about the middle H. lateraUs Kent, 

9 (6). Macronuoleitwo,contraotUevaouoIelateral, [Ghosh, p. 77. 

in the anterior half H. annandcdei 
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19. Holophrya annandalei Ghosh. 

■^Holophrya annandoim, G-hosh, 1919 a, p. 41 ; 1921 a, p. 7. 

Body cylindrical, rounded at both ends, three times as 
long as broad. CSliary striae faint. Cytostome antero- 
terminal and circular, cytopharynx a slight depression. 
Contractile vacuole single, placed at the junction of the 
anterior and middle thirds of the body, on one side. Macro- 
nuclei two, spherical, one situated iu the middle on one side 
and the other towards the anterior end. 

DimeTifSioTis. — ^Length 150-220 ;w. 

Remarks. — ^No figure of the form is given by the author 
of the species. The position of the maeronuolei is very 
unusual for a species of this genus. 

Habitat. — ^Fresh water : Bengal, Calcutta. 



20. Holophrya bengalensis Ghosh. (Fig. 19.) 

■^Holophrya hemtgalensia, Grhosh, 1919 a, p. 41, fig. 1. 
Holopkrya bengalenaia, Kahl, 1930-5, p. 60, fig. 5, 8. 

Body cylindrical with rounded ends, slightly stouter 
posteriorly. Cilia long. Cytostome small and circular, at 



Fig. 19. 




Fig. 20. 




Fig. 19. — Holophrya bengaUnais Ghosh. (After Ghosh.) 
Fig. 20. — HoU^hrya hteraUa Kent. (After Kahl. ) 

anterior end. QTtopharynx absent. Contractile vacuole 
single, subterminal, situated close to one side. Macronucleus 
broadly fusiform, situated in the middle of the body, near 
one side. 
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Dimertsions. — ^Length 75ju., width 37 /x,. 
Bemarhs. — ^Description of the species is based on the exami- 
nation of a single specimen by Ghosh. 

Habitat. — ^Fresh water : Bengal, Calcutta. 



21. HolophryaindieaBhatia. (Fig. 21.) 

^Holophrya indica, Bhatia, 1916, p. 178, fig. 1. 
HoU^hrya indioa, Kahl, 1930-5, p. 60, fig. 5, S. 

Body evenly elliptical, of medium size, a little more than 
one and a half times as long as broad ; colourless ; cuticular 
surface presenting distinct alternating longitudinal striae 
and furrows. CSHation uniform, cilia fairly long and distinct,. 
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Fig. 21. — Holophrya indica Bhatia. 1, whole ammal ; 1 a, postorior 
end, showing one principal and six subsidiary vacuoles ; 1 6, poste- 
rior end, showing one principal and two subsidiary vaouoles. < 
N, maoronuoleus ; O.V., contractile vacuole or vacuoles. (After- 
Bhatia.) 

disposed along the longitudinal striae. Border of the oral 
aperture not projecting, pharynx absent. Contractile vacuole 
single, spherical, postCTo-terminal, with a number of small 
ojrculai feeding-vaouoles in its neighbomrhood which are not 
arranged in longitudinal rows. Macronncleus large, band- 
shaped, curved in a horseshoe-shaped manner, situated in the 
anterior half of the body. 

DimensioTis. — ^Length 106)1*, width 63/*. 

Bemarks. — ^The body showed only a slight degree of flexi- 
bility, and was almost equally rounded at the anterior and. 
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posterior ends. On the surface presented to view thirteen 
longitudinal strise, along which the cilia were disposed, were 
distinctly made out. The single spherical contractile vacuole, 
situated near the posterior pole, was surrounded by 5 to 7 
small feeding vacuoles at the commencement of its diastolic 
phase. These were seen to contract, and there would remain 
three only, the central one considerably larger than the 
two subsidiary ones now left. This maia contractile vacuole 
then contracted and disappeared, the others following almost 
simultaneously and contributing to the formation of the 
vacuole afresh, the neighbouring subsidiary ones soon maJdng^ 
their appearance again (fig. 21, 1 a, 1 6). 

This species shows some resemblance to JS. simplex in the 
absence of trichocysts and pharynx, but differs considerably 
from it in the size of the body and the form of the macro- 
nucleus. 

Habitat. — ^Fresh water : Ptinjab, Lahore. 



22. Holophrya lateralis Kent. (Fig. 20.) 

fHoloph/rya latercMs, Kent, 1880-2, p. 500, pi. xxvi, fig. 46. 
HoU^hrya lateraUa, Lepsi, 1926 a, p. 37, fig. 27; Kahl, 1930-5, 
p. 50, fig. 5, 9. 

Body cyhndrioal, oval or elliptical, a little over twice as- 
long as broad, flexible. Cilia conspicuous, arranged in 
numerous closely approximated longitudinal rows. Endo- 
plasm thickly granuJar. Contractile, vacuole single, lateral, 
a Uttle in front of the middle. Maoronucleus inconspicuous. 

Dimensions. — ^Length 260 ju.. 

Bemarks. — ^The species was described by Kent from the 
figure and description contained in manuscript notes of 
H. J. Carter. 

HaMtat. — ^Fresh water : Bombay. 



23. Holophrya simplex Schewiakoff. (Fig. 22.) 

Holophrya avrnpUai, SohewiakofE, 1889, pp. 30-1, pi. ii, fig. 31 , 
1893, p. 45 ; 1896, pp. 120-1, pi. i, fig. 1 ; Rous:, 1901, p. 20, 
pl. i, flg. 2. 
"^Holophrya svrmpUx, Gulati, 1925, p. 745, pi. i, fig. 1. 

Holophrya simplex, Irepsi, 1926 a, p. 37; Sohoemohen, 1927, p. 178, 
fig. 700 ; Kahl, 1930-5, p. 49, flg. 5, 10. 

Body ellipsoid, not contractile. CilLa small, close-set, in 
18-20 longitudinal rows. Cytostome small, polar, only 
visible at the time of ingestion, without trichocysts or tilchites- 
Cytopharynx absent. Anus and contractile vacuole postero- 
termroal. Macronucleus large, rounded. 
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Dimensiffns. — ^Lengtli 34;u., "width ISju.. 

Bemarks.— The form described and figured by Gulati differs 
from the description of the species as given above in size. 



Fif?. 23. 
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Pig. 22. — Soloph/rya amvplex Sehew. ^, anus ; JB, cytostome ; Ma, 

maoroiraoleTis ; Mi, micronueleus ; Ph, oytopharynx ; 

T.O., oontraotile vacuole. (After Botuc.) 
Kg. 23. — Urotneha globosa Sohew. Lettering as in fig. 22. (After 

Botox.) 
Fig. 24. — Prorodon ederUMue Clap. & Lsich. a, anus ; al, alveolar layer ; 

O.V., oontraotile vacuole ; N, macronudeus ; o, cytostome ; 

06, cytopharyDX. (After Sohewiakoff.) 

being 52 ju, by 39 /i, in the maoronucleus being oval, and the 
<!ontractile vacuole being subcentral. 
Habitat. — IVesh water : PtwjAB, Lahore. 



Genus UROTBICHA Ckparfede & Lachmann, 1858. 

Pcmtotncfmm, Bhrenberg, 1830, p. 39. 

Urotnc^, Clapar^de & Iiachmann, 1868-61, p. 314 ; Fromentel, 

1874, p. 189 ; Kent, 1880-2, p. 604 ; SchewiaiofE, 1889, p. 7 ; 

1896, p. 124 ; RoTix, 1901, p. 21 ; Penard, 1922, pp. 17-20 ; 

Calkins, 1926, pp. 381, 403 ; Lepsi, 1926 a, p. 34 ; Sohoeniohen, 

1927, p. 179 ; Sandon, 1927, p. 171 ; Kahl, 1930-B. p. 57. 

AnimalcTiles small, free-s\rannung, spherical or eUiptioal, 
entirely oiliate ; motion of cilia irregukir and independent. 
Posterior end of the body provided with one or more setse. 
Mouth antero-tenninal or slightly subpolar, pharynx present. 
Contractile vacuole near the posterior end. Macronudeus 
oval or spherical. IVesh water. 
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24. Urotrieha globosa Schewiakoff. (Fig. 23.) 

Uroiricha globoaa, Schewiakoff, 1839, p. 33, pi. ii, fig. 33 ; 1893» 
p. 46 ; 1896, p. 127, pi. i, fig. 8 ; Roux, 1901, p. 22, pi. i, fig. 7. 
fVrotrieha globoaa, Bhatia, 1916, p. 179. 
Urotrieha globoaa, Lepsi, 1926 o, p. 38, fig. 33 ; Schoeniohen, 1927, 
p. 179, pi. xii, fig. 2 ; Kahl, 1930-5, p. 69, fig. 6, II. 

Body small, spherical to egg-shaped. Cilia long, near the 
mouth shorter and finer, scantier or absent at the posterior 
end, posterior end "with one or two setse. Mouth at the anterior 
pole, pharyns: long. Macronucleus spherical and accompanied 
by a small micronucleus. Locomotion swift, anunalcule 
often changing its direction. 

Dimeriaions. — ^Length 15-18 /i, width 13-15/a. 

Bemcwks. — The animalcules examined at Lahore closeljr 
resembled the description of the species. They showed 
swift movement, often changing their direction suddenly, 
and the posterior springing bristle was elongated in the direction 
of the long axis of the body. A few points of difference were, 
however, observed : the macronucleus, which was spherical, 
was seen to be proportionately larger in size than in the 
figure given by Roux ; the contractile vacuole was placed in 
the median line near the posterior end and not on one side ; 
and there were cilia on the posterior part of the body in the 
neighbourhood of the springing bristle also. As regards 
the first two points there is agreement with the figure given 
by Schewiakoff, but no oUia are indicated by bim on the sides, 
of the springing bristle. This difference is not of sufficient 
importance to justify the creation of a new species. 
Haiiitat. — I^esh water : PmiTJAB, Lahore. 



25. Urotrieha sp. 

•fUrotricha sp., Chaudhuri, 1929, p. 54. 
HfMtat. — Soils &om Calcutta and Bombay. 

Genus PROBODON Ehrenberg, 1833, emend. Kahl, 1927. 

Prorodon, Ehrenberg, 1833, p. 308; 1838, p. 315; IVomentel, 
1874, p. 167 ; Keat, 1880-2, p. 491 ; Sohewiakofl, 1889, p. 13 ; 
1896, p. 146 ; Roux, 1901, p. 27 ; Penard, 1922, pp. 36-43 ; 
CaUdns, 1926, pp. 378, 403 ; Lepsi, 1926 a, p. 34 ; Sohoemahen, 
1927, p. 181; Sandon, 1927, p. 171; Kail, 19275, p. 44; 
1930-5, p. 72 ; Reiohenow, 1929, p. 1168. 

Animalcules small to very large, persistent in shape, 
symmetrically ovate, uniformly rounded at the poles, entirely 
and evenly oiliate throughout, with somewhat thicker oiUa 
in the neighbourhood of the mouth. Mouth at or closely 
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adjacent to tlie anterior pole, and the anal aperture at the 
opposite one. Pharynx strengthened by rod-like teeth. 
Contractile vacuole ahnost always single and terminal, rarely 
numerous and distributed over the whole body. Maoronucleus 
spherical, sometimes band-like and curved. Cysts spherical, 
showing division or not. Locomotion rapid and chiefly 
revolving on the longitudinal axis. Fresh water and marine. 

Key to Indian Species. 

1 (4). Cytopharynx with rod-apparatus 2. 

2 (3). Body ellipsoidal, t-wice as long as broad ; 

macroirucleus oval or spliorical ; con- 
tractile vacuole single, postero-terminal. P. teres Ehr., p. 84. 

3 (2). Body oval, less thaa twice as long as broad; 

macrauucleus horseshoe-shaped ; con- [p. 83. 

tractile vacuoles two P. stewarti G-hosh, 

4. CSytophaiynx without rod-apparatus .... 5. 
.5. Body elongate-ellipsoidal, nearly three 

times as long as bixiad ; maoronucleus 

oval ; contractile vacuole single, postero- [Lach., p. 82. 

terminal P. edentatus Clap. So 



26. Prorodon edentatus Clapar^e & Lachmann. (!Fig. 24.) 

Prorodon edentatus, ClaparMe & Lachmann, 1858-61, pp. 320-1, 
pi. sviii, fig. 1 ; Keut, 1880-2, p. 493 ; pi. xxvi, fig. 43 ; 
SohewiakofE, 1896, p. 152, pi. i, fig. 24. 
■\Prorodon edentattis, Bhatia, 1922, p. 27. 

Prorodon edentatus, Schoenichen, 1927, p. 182 ; Saudon, 1927, 
p. 174; Kahl, 1930-5, p. 73. 

Body elongate-ellipsoidal, cylindrical, nearly three times 
■as long as broad, transparent ; surface of cuticle longitudinally 
striate. Mouth terminal, somewhat eccentric, succeeded by 
a simple, conical and corneous tube-like phaiynx, extending 
backwards and gradually diminishing in size, not provided 
with any rod-apparatus. N'o trichocysts. Cilia of the 
posterior extremity longer than those of the general surface, 
produced in a tuft-like manner. Contractile vacuole, single, 
spherical, postero-terminal. Macronucleus oval, elongate. 

Dimenaiona. — ^Length up to 160^. 

Bemaa-is. — ^The body was flexible, longitudinally striate, 
and with its anterior part more transparent. The dlia were 
Tiniform all over the body, and the anterior end showed a small 
beak;-hke projection curved to one side. The cytostome 
was anterior, eccentric, and was followed by a short, narrow, 
conical pharynx, without any cilia or rod-apparatus. Macro- 
nucleus small, oval, and situated in the anterior half of the 
body. The contractile vacuole very large and situated near 
the posterior end. Anal aperture postero-terminal, situated 
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in a slight indentation of the posterior margin of the body. 
An average specimen measured 74/* by 24 /t. 

The form, however, differs from the type as described and 
jBgured by the original authors in the following features : — 
The anterior and posterior margins of the body were not 
regularly rounded, there was no tuffc of longer cilia at the 
posterior end, the pharyngeal tube did not extend to the 
centre of the body but only a short distance behind the anterior 
«nd, the macronuoleus was proportionately much smaller 
«nd situated in the anterior half of the body. All these features 
give the form found at Lahore a distinctive appearance, 
but do not justify the creation of a new species for it. 

Habitat. — ^Fresh water : PuifJAB, Lahore. 



27. Prorodon stewarti Ghosh. (Fig. 25.) 

fProrodon steioaHi, Ghosli, 1928, p. 382, fig. 1. 
Prorodon atewarti, KaM, 1930-5, pp. 73-4, fig. 25, 21. 

Body elongately oval, less than twice as long as the greatest 
width, rounded at both ends. CSlia arranged in close meridional 
rows. Cytostome anterior and slightly lateral. Cytopharynx 
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Fig. 25. — Prorodon stewarti Ghoah. (After Ghosh.) 

Fig. 26. — Prorodon teres Bhxbg. a, oaus ; al, alveolar la.yer ; coo, sab- 

sidiaiy vacuoles ; ea, contraotOe vacuole ; N, macronxicleas ; 

n, mioronacleus ; nk, food-vacuoles ; o, cytostome; oe, 

cytophoryirc with rod-apparatus; st, laeridional rows of 

oilia. (After SchewiakofF.) 

62 
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trtmcately conical, from one-fo-arth to one-third the length 
of the body, with distinct rod-apparatus. Contractile vacuoles 
two, spherical, and placed, one a Uttle in front of the other, 
in the posterior half of the body. Macronucleus stout, horse- 
shoe-shaped, and placed laterally in front of the middle of 
the body. Micronucleus not identified. 

Dimensions. — ^Length 140-150/a. 

Bemarks. — ^Kahl doubts if the form is a true Prorodon at all, 
as the position of the contractile vacuoles and the horseshoe- 
shaped macronucleus are uiJike any other species of the genus. 
He thinks that the position of its contractile vacuoles reminds 
one of Hohphrya kaphstoma, from which, however, it differs 
in several respects. I do not feel disposed to agree with Kahi 
in questioning the form as a true Prorodon. 

Habitat. — Sewer water : Bengal, Calcutta. 



28. Prorodon teres Ehrenberg. (Fig. 26.) 

Prorodon teres, 'Ehxenbeig, 1838, p. 316, pi. xxxii, fig. xi ; Dujardin, 

1841, p. 601 ; Claparide & Laohmann, 1858-61, p. 319. 
Prorodon griseus, Clapar^de & Lachznanu, 1858-61, pp. 319-20, 

pi. xviii, fig. 3. 
Prorodm Urea, Stein, 1859d, pp. 82, 90, 95, 96, 100 ; 1867, pp. 58, 

65, 87, 99, 100 ; Engelmann, 1862, p. 368. 
Prorodoni teres, Fromentel, 1874, p. 280, pi. iii, figs. 9, 9 a. 
Prorodon teres, Kent, 1880-2, p. 492 ; Maupas, 1889, pp. 272-5, 

pi. xvi, figs. 19-25 ; BiitscMi, 1887-9, p. 1682, pi. xlii, fig. 3 ; 

Sohewiakoff, 1889, pp. 13-14, pi. i, figs. 9-13 ; 1893, p. 37 ; 

1896, p. 161, pi. i, fig. 32, pi. vii, figs. 188, 194 ; Roux, 1901, 

p. 28, pi. i, fig. 16 ; Lang, 1913, p. 38. 
■\Prorodon teres, Bhatia, 1920, pp. 259-60. 
Prorodon teres, Lepsi, 1926 a, p. 39, fig. 46 ; Wenyon, 1926, figs. 24, 

25 ; Sohoeniohea, 1927, p. 182, pi. xii, 6 ; Reiohenow, 1929, 

p. 1168 ; Kahl, 1930-5, p. 80, fig. 8, 10-13. 

Body ovate, ellipsoidal, twice as long as broad, slightly 
narrowed anteriorly. Mouth exactly terminal ; pharynx 
elongate, sUghtly conical, enclosing an elongate cylindiioal 
fascicle of rod-Hke teeth. No trichocysts. Contractile vacuole 
siagle, postero-termraal. Macronucleus oval or spherical, with 
a small micronueleus lying close to it. 

Dimensions.' — ^Length 63-200 ju.. 

Bemarks. — ^The animals examined at Lahore measured 
63-84 ju, by 45 jU. in size, and contained yellow or brown, ingested 
food-particles. The form, however, dififered from the one 
figured by Schewiakoff in certain important respects. The 
macronucleus was large and spheroidal, was situated in the 
anterior half of the body, and was carried about in the granular 
endoplasm ; it was of the granular type, and a small rounded 
micronucleus was placed on its smfece. The cytostome 
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was anterior and terminal, but the pharynx did not extend 
as far back as figured. The pharynx was 12 /* in length and 
measured 9[m across at its anterior end, becoming somewhat 
narrower posteriorly. The fasoiole of rods was distinct, 
and eight rods coxild be counted in the surface presented to 
view. The cilia on either side of the mouth were slightly 
longer than those over the rest of the body. 
Habitat. — ^Fresh water : PtrirjAB, Lahore. 



29. Prorodon sp. 

Prorochm sp., Cha.udhuii, 1929, p. 64, pi. iii, fig. 8. 
Habitat. — Soils from Indore and Colombo. 



Genus LACRYMARIA Ehrenberg, 1830. 

Lacrymaria, Bory, 1824 ; sic Agassiz, sed nem comp. (Sherbom). 

Laoiymaiona, Bory de St. Vinoent, 1824-7, p. 479. 

PhdaUna, Bory de St. Vincent, 1824-7, p. 616. 

Lacrymaria, Ehrenberg, 1830, p. 42; 1831, pp. 104-3; 1838, 

pp. 309-11. 
Phiaiina, Ehrenberg, 1838, pp. 333-4. 

Ziocrymiaria, CIapax6de & Laohmnmn, ISSS-Sl, pp. 295-304. 
Phialina, ClaparSde <fc Laohmann, 1858-61, pp. 304-6. 
Laorymaria, SVomentel, 1874, p. 174. 
PkiaKna, Fromentel, 1874, p. 174. 
Lacrymaria, Kent, 1880-2, p. 517. 
Phialina, Kent, 1880-2, p. 519. 
Lacrymaria, Butschli, 1887-9, pp. 1682-4; Sohewiakofi, 1896, 

p. 138; Roiix, 1901, p. 26; Wenyon, 1926, pp. 1163, 1175; 

Sehoeniohen, 1927, p. 183; Reiohenow, 1929, p. 1168; Kahl, 

1930-5, p. 89 ; 1933, pp. 53-4. 

Animalcules free-swimming, medium-sized to very large, 
subcylindrical or flask-shaped, naxrowed anteriorly, apical 
region projecting like a stopper on the neck of a flask, separated 
from the rest of the body by a circular groove, and bearing 
one or more spiral rows of longer, usually reflected cilia. 
Cytostome at the summit of the plug, and followed by a short, 
conical cytopharynx without rods. Cuticular surface finely 
and entirely oiJiate or sometimes glabrous. Contractile 
vacuole single, postero-terminal, sometimes with one or two 
additional ones situated more anteriorly. Macronucleus 
central, spherical to elongated or bipartite, micronucleus 
believed to be present. Forming spherical cysts inside which 
multiplication takes place. Fresh water and marine. 

Bemarlcs. — ^Bory de St. Vincent (1824r-7) first described 
a new genus Lacrymaloria with six species, and another as 
Phialina with five species. Agassiz gives Lacrymaria Bory, 
1824, also as a generic name, but this seems to be an error. 
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as this name is not to be found in ' Eneyclop^dieM^thodique/ 
Ehrenberg revised both these genera, and remarked (1838) 
that out of the six (later eight) species described by Bory 
perhaps only one doubtfully belonged to LacryTiiaria Ehrbg.. 
1830, the others being referred to Eugl&im, PMcdina and 
Trachelocerca. The genus Laorymatoria Bory, having been 
dismembered, the name Lacrymaria Ehrbg. has always been 
adopted in later literature. Ehrenberg estabhshed the genus 
Iiacrymaria in 1830, and later transferred PhdaMna proteus Bory 
to it. Of the remaining four species of PMalina Bory, he 
identified Ph. cygnus with Trachdocerca olor (Miiller), and 
identifying Ph. hirwndinoides with Trichoda vermicvlans 
Miiller, retained it in the genus Phidina as Ph. vermmiUms, 
The two genera LoGrymana and PUalina were regarded as 
distinct for a long time,' the former described with the cyto- 
stome at the summit of the conical protuberance, and the latter 
with the cytostome in the furrow surrounding the base of 
the conical protuberance. Biitschh (1887-9) amalgamated 
Lacrymmia and Phiali'm, and transferred a number of other 
genera -and subgenera to Lacrymaria Ehrbg. He doubted if 
the position of the cytostome was antero-lateral in Phialina, 
and remarked that in case this position was confirmed later, 
Phialina'vfo\M. be regarded as a separate subgenus. Since 
then the cytostome has been shown to lie at the summit of the 
conical protuberance, and the two genera completely merged. 



Key to Ivximn Species. 

1(3). Neck long, slightly flattened. Macro- 

nuoleus dumb-bell-ahaped. Oontractae 

vacuoles two 2. 

2. Body oylindrioal, posteriorly pointed or 

rounded. Cilia in spiral rows. Animals 

swim with extended neck,now forwards, [p. 87. 

now baekwards. Length 100-400 jx. . . £. oZor (O. F. Miill*) 
3(1). Neck short, thick. Macronuoleus oval. 

Contractile vacuole single, posterior 4. 

4(S). Body sometimes green throu^ the 

presence of zooohloreUsB. Length about 

120/1. Locomotion, briskly turning [(0. F. Miill.), p. 89. 

e /A > B°?'*^ ,',: ■ • •.% ^- venm&dans 

5 (4.). Body elUpsoid, tapering at the poste- 
rior end, with longitudinal and trans- 
verse strifltions. Locomotion, calm and 

gliding, rotating on its axis. Length jj). 87. 

^^ /* L. striata Gulati, 
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30. Lacrymarla olor (O. F. Muller). (Fig. 27.) 

Vibrio olor, O. F. Miiller, 1786, p. 75, pi. x, figs. 12-15. 

Laerymaria olor, Ehrenberg, 1831, p. 105. 

Traclielocerea olor, Ehrenberg, 1833, p. 316 ; 1838, p. 342,pl.x!E3cvii, 

fig. 7. 
iMcrymcsria prot&us, Ehrenberg, 1838, p. 310, pi. xxxi, fig. 17. 
Laorymaria gtetta, Ehrenberg, 1838, p. 310, pi. xsxi, fig. 18. 
Traohelooerca viridia, Ehrenberg, 1838, p. 342, pi. sacsrviii, fig. 8. 
Trachelooeroa biceps, Ehrenberg, 1838, p. 343, pi. xxxviii, fig. 9. 
Lacrymaria olor, Dujardin, 1841, p. 469. 
Laorymaria proteiie, DuJEtrdin, 1841, p. 470. 
Laorymaria viriMa, Dujardin, 1841, p. 470. 
LaorywMria gvita, Dujardin, 1841, p. 471. 
Tra^idoceroa olor, Cohn, 1853, pp. 265-6, pi. xiii, figs. 10, 11. 
Laorymaria olor, Clapaj^de & Laohmann, 1858-61, pp. 298-302, 

pi. xvi, figs. 5-8. 
TraohdoGeroa viridis. Stein, 1859 d, p. 65. 
Laorymaria olor. Stein, 1867, pp. 48, 65, 67 ; Fromentel, 1874, 

p. 284, pi. XV, fig. 7. 
Traeheloaeroa veraatiHa, Kent, 1880-2, p. 516, pi. xxvii, fig. 33. 
Laorymaria olor, Biitsohli, 1887-9, pp. 1683-4, pi. Ivii, fig. 9 ; 

SohewiakoH, 1893, p. 38 ; 1896, pp. 141-2, pi. i, fig. 17 ; Roux, 

1901, p. 26, pi. i, fig. 13. 
^Liaorymairia olor, Ghosh, 1921 a, p. 7. 
Laorymaria olor, Penard, 1922, p. 43, fig. 44 ; Sehoeniohen, 1927, 

p. 184, pi. xii, fig. 7 ; Kahl, 1930-5, p. 93, fig. 13, 22, 25. 

Body divided into two parts, one elongated, oylindilcal, 
more or less pointed or simply rounded posteriorly, the other 
long and narrow, slightly flattened and extremely contractile. 
Oral cone well developed. Mouth small, pharynx httle 
developed, with a circlet of large cilia surrounding the buccal 
cone. No furrow separating the head from the neck. CUia^ 
arranged spirally. Two contractile vacuoles, one at the 
j unction of the neck with the trunk and the other ia the posterior 
part of the body. Macronucleus consists of two rounded 
paxts muted together. Micronucleus in a depression of the 
macronucleus. Animal swims with extended neck, now 
forwards, now backwards. 

Dvme7b8i(ms. — ^Length 100-400 /* according to the state of 
extension of the neck, width variable. 

Habitat. — ^Pond water and vegetable infusions ; Bbngal, 
Calcutta. 



31. Iiaerymaria striata Gulati, (Fig. 28.) 

fLacrymaria strieOa, Gulati, 192S, p. 746, pi. 1, fig. 3. 
LaoiTpnaHa {BrustieUa) pa^njiki,, B:ahl, 1930-5, p. 94, fig. 13, 1, 12, 27. 
Laarymaaria atnaia, gahl, 1930—5, p. 96. 

Body ellipsoid, neck short and thick, shaped like the cork 
of a bottle and surrounded by a ring of cilui, trunk tapering 
posteriorly to a narrow end. Mou^ at the summit of the 
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neck, -without a pharynx. Length of the body twice as much 
as the mdth, with the greatest width ia front of the middle. 
The whole of the body nas a dark brown appearance except 
at the two ends, where it is transparent. Surface marked 
by longitudinal and transverse striations. Contractile vacuole 
single, occupying the whole of the narrow posterior end. 

Fig. 27. 



Fig. 28. 



-v~c 




.v.c 



Fig. 27. — Laarymana oZor(O.I".MuU.). 

Mi, nucronuoleus ; V.O, 

Rotix.) 
Kg. 28. — Lacrymaria striata G-uIati. 

Giilati.) 



B, mouth ; Ma, maoronuoleus ; 
contractile vacuoles. (After 

O.V, contractile vacuole. (After 



Maoronuoleus oval, a Httle behind the middle of the body. 
Mcronuoleus small, rounded, and lying a little in front of the 
maoronuoleus. Locomotion calm and gliding, rotating round 
its axis. 

Dimenaions. — 90 (i by 43 /i. 

iJemor&s.— Accordingto KaJbl (1930-5) it is probably a stronger 
form of i. pi^pvla (0. P. Mtiller), of which species L. coromta 



LACKYMAiHA. 



89 



Clap. & Lach. var. aqtia dukis. Roux is a synonjnm. That the 
pellicle should have both longitudinal and transverse stria- 
tions is very unusual for a Lacrymcwia. L. coronata and 
L. pwpvla show longitudinal striations, and if Gulati has 
correctly observed transverse striations this species indicates 
an approach to Cohpa. 
Habitat. — Stagnant water of a drain : PmrjAB, Lahore. 

32. Lacrymaria vermleularis (0. F. Miiller). (Kg. 29.) 

Trichoda vermicviaris, O. I". MiiUer, 1786, p. 198, pi. xxviii, figs. 1-4. 
Phiaima verrmoularis, Ehreaberg, 1831, p. Ill ; 1838, p. 334, 

pi. xxvi, flg. 3; Duiaordin, 1841, pp. 472-3; aaparfede & 

Laohmann, 1858-61, pp. 304-5, pi. xvdii, fig. 8. 
Lacrymaria vermiouJaris, Fromentel, 1874, pp. 283-3, pi. xv, 

figs. 3, 3 a. 
Phidlina vermieularis, Kent, 1880-2, p. 519, pi. xxvi, fig. 36. 
Laorymaria venn/iotdaria, Biitsehli, 1887-9, p. 1684; Schewia- 

koff, 1896, pp. 143-4. 
"fLaorymaria verndmlaHs, Bhatia, 1916, p. 180, fig. 2. 
Laerymaria spiralis, Kahl, 1926, p. 217. 
Lacaymairia vemmoularia, Sohosniohen, 1927, p. 184 ; Kahl, 1930-6, 

p. 96, fig. 13, S-7. 

Body cylindrical, ovate or pyriform, narrowest anteriorly, 
very contractile, apical portion in front of the annular furrow 
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Kg. 29. — Laorymaria vermimilairis (O. V. Mull.), fully extended ; 
a, moderately extended ; b, fully contracted. N, macro- 
nucleus ; O.V., contractile vacuole. (After Bhatia.) 

short and thick, and bearing a single circlet of cUia which are 
usually directed backwards. Oral aperture at the summit 
of the apical portion. Surface of the body smooth or with 
short, close, fine cUia arranged in longitudinal or spiral rows. 
Contractile vacuole single, spherical, postero-terminal. Macro- 
nucleus oval, subcentral, obliquely directed. 
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Dimensitms. — ^Length about 120 jj.. 

Bema/rks. — ^Body is suboylindrioal, or bottle- shaped if the 
apical lobe is taken into consideration, flexible and contractile ; 
the statement that it is two and a half times as long as broad 
(Kent, 1880-2, p. 519) appears to refer to the contracted state 
of the animal ; in the fully extended condition it is four to 
six times as long as broad. Apical portion in advance of the 
annular furrow is short and cyhndrical and bears at its base 
a single circlet of cilia which are directed backwards, the rest 
of the body is generally described as finely ciliate, though 
I found it glabrous, as was described by Ehrenberg and other 
early writers. The nucleus is oval in outline, and the single 
contractile vacuole is situated near the posterior end. 

KaM (1930-5) shows his examples to be spirally striated and 
the body bearing cilia. 

Habitat. — ^Presh water : Punjab, Lahore. 



Genus BNCHELIS 0. F. MiiUer, 1773. 

EnchMs O. F. Miiller, 1773, p. 33. 

EnehOys'Siiizaoh., 1817, p. 125 ; Ehrenberg, 1838, p. 209 ; Clapared© 
& Laohmann, 1858-61, pp. 294, 309-12; Fromentel, 1874, 
p. 187; Kent, 1880-2, p. 509; Roux, 1901, p. 23 ; Sohoeniohen, 
1927, p. 180 ; KaM. 1930-6, p. 96. 

Animalcules free-swimming. Body elongated or egg-shaped, 
with anterior end nairowed, drawn out and obliquely trimcate 
and posterior end rounded. Mouth antero-temunaJ, pharynx 
absent, anus postero-terminal. Cilia short, fine, with a JBringe 
of larger cilia encircling the oral region. Contractile vacuole 
single and terminal or numerous and arranged in a longitudinal 
row. Maoronucleus suboentral, spherical or oval. Inhabiting 
marsh and stagnant water and in infusions. 

33. Enehelis areuata ClaparMe & Lachmann. (Fig. 30.) 

Endidys areuata, Clapar^de & laohmann, 1868-61, p. 311, pi. xvii, 
fig. 4 ; Kent, 1880-2, p. 610, pi. xxvii, fig. 14 ; Sohewiakofi, 
1896, p. 130, pi. i, fig. 10. 
■^Enohelya areuata, Bhatia, 1916, p. 179. 

Wnchelys arouata, Lepsi, 1926 a, p. 38, fig. 39 ; Sohoeniohen, 1927, 
p. 180, pi. xii, fig. 3 ; Kail, 1930-6, p. 96, fig. 12, 22. 

Body pyriform, attenuate anteriorly. CiHa of general surface- 
very short and fine. Contractile vacuoles several, arranged 
in an arcuate manner along the margin of the body. Macro- 
nucleus elongate-oval. 

Dimensions. — ^Length, about 80/*. 

JRemarks. — ^Body is roimded posteriorly, attenuated an-' 
teriorly. Length 80/i, maximum width 30/*. The animal 
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is broadest at one-fourth of the length of the body from the 
posterior end, and begins to taper rapidly in the anterior 
fourth. Anterior end is obliquely truncate and is occupied 
by the mouth. CUia covering the whole body are very fine, 
rather longer ones surrounding the oral end. 
Habitat. — ^Infixsion of leaves : PtmjAB, Lahore. 



Kg. 32. 



yV— . 




&V-- 



Fig. 30. — EneheUa arcutOa Clap. & Laoh. a, anus ; ov, contractile 
vacuole ; ek, ectoplasm ; N, maorcnuoleus ; o, oral aperture. 
(After Schewiakofl.) 

Pig. 31. — Didinimn nas^aum(0.'F.M.■all.). ikf, -wreath of cilia; a«,seizing 
organ with triohooysts. Other lettering as in fig. 30. (After 
Sobiewialkott.) 

Kg. 32. — Didmmm balbiani (Fabre-Dom.). B, mouth ; Ma, macro- 
nucleus ; Mi, micronuoleus ; ph, phaiynx ; v.c, contractile 
vacuole. (After Boux.) 

Pig. 33. — Mesodiniiim pidex {Clap. & Lach.). a, anus ; ov, contractile 
vacuole ; M, membranellse ; N, maoronucleus ; o, oral 
aperture ; oe, pharynx ; {, tentacles. (After Sohewiakoff.) 
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34. Enehelis sp. 

tJ?neA«Zj/s sp., Sandon, 1927; p. 172, Chart III. 
Habitat. — ^Farm and garden soil : Souih India, Coimbatore. 

35. Enehelis sp. 

■fUncheli/s sp., Chaudhuri, 1929, p. 54, Table lU. 

Habitat. — Soil from cultivated fields : Pctitjab, Lahore, 
Lyallpore ; Bwsqal, Sibpore. 

Genus CH^NEA Quennerstedt, 1867. 

Chasnea, Quennerstedt, 1867, p. 15. 

Choenia, Kent, 1880-2, p. 621. 

Chaema, Sotewiakofi, 1896, p. 154 ; Rous, 1901, p. 39. 

Chcema, Schoemohea, 1927, p. 182. 

Chsenea, KaM, 1930-5, p. 103. 

Body elongated, somewhat cigar-shaped. Cilia fine, ar- 
ranged spiraUy. Mouth sUt-like, at the anterior extremity, 
often surrounded by a brush-like tuft of larger ciHa. 

36. Chsenea sp. 

Ohoema sp., Chaudhuri, 1929, p. 60. 

In his Table IV Chaudhuri mentions a species of this genus 
as having been recorded by Sandon from South India and 
Burma, but reference to Sandon's monograph shows that he 
did not record it from India. 

Genus TBACHELOCERCA Ehrenberg, 1840. 

Trachdoomia, Ehrenberg, 1840, p. 316 ; Cohn, 1866, p. 264 ; Kent, 
1880-2, p. 514; Butsohli, 1887-9, p. 1684; Calkins, 1926, 
pp. 381, 403 ; Lepsi, 1926 a, p. 33 ; KaM, 1930-5. p. 116. 

Elongated, more or less flexible, plump to very slender 
vermiform or flask-shaped form, not flattened. Oral cone 
2-4-lobed ; with drclet of dlia and no constriction marking 
off the anterior portion. 

Bemarks. — ^This genus is distinguished from the closely- 
related Lacrymaria by the absence of a groove marking off 
a neck-like constriction, and from Ghamm by the anterior 
end not being narrowed into a neck-Kke portion and by the 
body not showing spiral striations during contraction. 

37. Traeheloeerea sp. 

Tracheloeerca sp., Simmons, 1891, p. 4. 
Habitat. — ^Pond water : Bbn-oal, Calcutta. 
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2. Family DIDINIID^ Poche, 1913. 

Body spheroid or eUipsoid. Cytostome round, situated 
at the summit of an apical truncated cone, which is surrounded 
at its base by a ciliary girdle, with one or more ciliary girdles 
situated more posteriorly. Rest of the body uniformly ciliated 
or naked. 

K&y to Indian Oenera. ■ 

Body -with one or two circlets of membraneUes ; 

rest of the body without cilia Didintom St., p. 93. 

Body with an equatorial farrow containing one 

or more girdles of cirri; cytostome surroxmded [p. 95. 

by smaJl tentacles MBSODENTcnM: St., 

Genus DIDINIUM Stein, 1859. 

Didinuim Stein, 1859 a, p. 5 ; Kent, 1880-2, p. 638 ; SchewiaJoifB, 
1889, p. 15 ; 1896, p. 178 ; Koux, 1901, p. 32 ; Sohoenioheu, 
1927, p. 187 ; Kahl, 1930-5, p. 123. 

Animalcules jBree-swimming, large, ovoid, flat or deepened in 
front. From the middle of the anterior end a conical process 
projects forward, at the summit of which lies the mouth- 
opening, which is capable of beiag widened considerably. 
Cfytopharynx provided with fine rods. Body provided with 
one or more girdles of membraneUes, which frequently break 
up into separate cilia ; rest of surface without cUia. Con- 
tractile vacuole and anal aperture posterior. Maeronuoleus 
horseshoe-shaped. MultipUcation by transverse fission. 



38. DIdinium balblani (Fabre-Domergue). (Jig. 32.) 

Monodmmm bdlbiemi, Fabre-Domergue, 1888, pp. 36-9, pi. iv, 

figs. 43-60. 
Didvrwwm balbiani, Butsobli, 1887-9, p. 1688, pi. Iviii, figs. 4a-6 ; 
SchewiakofE, 1889, pp. 16-17, pi. ii, figs. 14-21 ; 1896, pp. 181-2, 
pi. ii, fig. 39, pi. vii, fig. 196 ; Eoux, 1901, p. 32, pi. u, fig. 1. 
■^IHdinium bttlbiami, Bhatia, 1922, p. 29. 
Didinimn balbiani, Penard, 1922, p. 56, fig. 69. 
■fDidiniiim, bcdbiani, Oulati, 1926, p. 746-7, fig. 6. 
Didwmm, bdCbicmi, Lepsi, 1926 a, p. 40, fig. 83 ; Sohoejiichea, 1927, 
p. 187, pi. xii, fig. 10 ; Kahl, 1930-5, p. 125, pi. xviii. fig. 24. 

Body ovate, rounded and narrower posteriorly, with the 
anterior broader end produced into a conical projection. 
A single ciliary wreath near the base of the proboscis only. 
Contractile vacuole large and posterior. Maeronucleus band- 
like and curved, micronucleus situated close to one end- 
Locomotion not so rapid as in D. nasfuiiwm,. 
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Dimensions. — Length 60-100/1*. 

Remarks. — ^The pellicle is said to be provided with very 
weak longitudinal striations, differing in number, aooordiag 
to the observations of different authors, from 6 to 12, wide 
apart according to Faure-Fremiet and close together according 
to Schewiakoff. According to Faure-Fremiet isolated tricho- 
cysts are found in the ectoplasm. Endoplasm colourless, 
granular. This species is widespread, planktonic or on the 
surface of plants, rarely among detritus. 

Habitat. — ^In the surface layer of clear swamp-water near 
the River Ravi : Ptotjab, Lahore. 



.39. Didinium nasutum (0. F. MiiUer). (Fig. 31.) 

VonieeUa nasiOa, O. F. MflHer, 1773, pp. 102-4; 1786, pp. 268-70, 

pi. zxxvii, figs. 20-4. 
IH^TWum nastOum, Stein, 1859a, p. 5; 1867, pp. 124, 148, 168; 
Engehnonn, 1862, pp. 375-6; Balbiani, 1873, pp. 363-94, pi. xviii; 
Kent, 1880-2, pp. 638-9, pi. xzzii, figs. 60-7 ; Maupas, 1888 a, 
pp. 191-2; 1889, pp. 276-7, pi. xvi, figs. 27-8; BiitsehU, 
1887-9, p. 1686, pi. Iviii, fig. 3 ; Sohewiakofe, 1896, p. 182, pi. ii, 
fig. 40; Thon, 1906, pp. 281-321, pis. xii-xiii, & figs. 1-3; 
Prandtl, 1906, pp. 229-58, pis. ix-x & 12 figs. 
fJDidimium naauMtm, Bhatia, 1916, p. 180. 
DuiMum naatOumi, Veoaxd, 1922, p. 65, fig. 68. 
tHidMum naaiclmn, Gulati, 1925, p. 746^ fig. 5. 
JXdmmm nasutum, Bvdlington, 1925, p. 269 ; Lepsi, 1926 a, p. 40, 
&g. 84 ; Calkins, 1926, pp. 154, 178, 216, figs. 88, 89 ; Schoeniohen, 
1927. p. 187; Kahl, 1930-5, p. 125, fig. 18, 20 & 22; Beers, 
1935, pp. 133-55. 

Body oval or barrel-shaped, rounded posteriorly, the 
.anterior border produced into a conical projection. One 
wreath of cilia near the base of the proboscis, the other posterior 
to the middle of the body. Ectoplasm without distinct 
triohooysts. ContractQe vacuole large, debouching upon the 
anal aperture. Macronucleus band-like, curved. Devours 
large Infusoria ; revolves impetuously. 

Dimensions. — ^Length 100-180 /i. 

Bemarka. — Specimens found by me at Lahore measured on 
.an average 123 jit by 84 ju. Apparently tMs species is subject 
to large variations of size, as the dimensions given by different 
authors differ very widely. Kent, for example, gives the 
length as 1/300 of an inch (83 ju,), while Conn and Edmondson 
state it to be 100-175 ju,. The animalcule is often found 
-attached to a Parameaium, by its snout-hke process. 

Besides the principal contractile vacuole situated posteriorly 
I found three or four snbsidi^fty ones scattered in different 
parts of the body. These werfe oamed towards the principal 
vacuole by circulation of the protoplasm and absorbed into 
it one by one. In one case two of these vacuoles reached the 
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principal vacuole at about the same time ; the one that touched 
it first was absorbed into it, the other had to wait for its turn. 
Habitat. — ^Pond water, in the dusty upper surface of water 
or amidst decaying vegetation : Punjab, Lahore. 



Genus MESODINIUM Stein, 1862. 

Meaodinvum, Stein, 1862 6, p. 162 ; 1867, p. 148 j Kent, 1880-2, 

p. 635. 
Acarella, Kent, 1880-2, p. 636. 
Meaodinium BiitsDhU, 1887-9, p. 1688 ; SohewiakofE, 1896, p. 183 ; 

Roux, 1901, pp. 32-3; Catkins, 1926, p. 404; Sandon, 1927, 

p. 175 ; Reiehenow, 1929, p. 1170. 

Body ovate or pear-shaped, divided into two unequal 
parts by an equatorial furrow, anterior conical and posterior 
spherical. In the groove are situated one or more girdles 
of larger cilia, which are united in groups to form membraneUes. 
The remaining part of the body is naked. Cytostome at the 
anterior end of the snout often surrounded by small tentacles. 
Cytopharynx more or less elongated, conical, provided with 
rods. Anus posterior. Contractile vacuole in the close neigh- 
bourhood of the anus. Macronucleus spherical or ovoid. 
Locomotion irregular, quick. 



40. Mesodinlum palex (ClaparMe & Lachmann). (Fig. 33.) 

BaUeria puteai, Clapar^de & Lachmann, 1868-61, p. 370, pi. xiii, 
figs. 10-11. 

AoareOa aw-o, Cohn, 1866, pp. 293-4, 301, pi. zv, figs. 32-4. 

MesodAnvmn jmlex. Stein, 1867, p. 162. 
fHaZtmo piilex. Carter, 1869, pp. 259-60, pi. xvii, fig. 23. 

MesodArmun puLex, Kent, 188(>-3, p. 636, pi. xxsdi, fig. 44. 

AoareUa svto, Kent, 1880-2, pp. 636-7, pi. xxsii, fig. 45 ; Meresoh- 
kowsky, 1882, pp. 1232-4 ; 1883, pp. 276-9. 

MesotUniwm pulex, Maupas, 1882, pp. 1381-4 ; 1883, pp. 516-8 ; 
Gourret & Roeser, 1886, pp. 491-3, pi. xxx, flg. 13 ; Butschli, 
1887-9, pi. Iviii, fig. 5; Sohewiakoff, 1896, pp. 186-6, pi. ii, 
fig. 42; Penard, 1922, pp. 68-61, figs. 62, 63 ; Lepsi, 1926, p. 40, 
fig. 90 ; Kahl, 1930, p. 127, fig. 18, 7, 8. 

Body egg-shaped, globose posteriorly, conical and tapering 
as it approaches the anterior projecting snout ; two wreaths 
of cirrose membranelles developed on an annular groove, 
those of the anterior spread in different directions, those of the 
posterior directed spirally backwards to the left ; the rest of 
the surface of the body naked. Mouth at the anterior end, 
surrounded by 4 to 8 forwardly directed tentacles. Pharynx 
more or less elongated, conical, provided with rods. .Ajius 
posterior. Contractile vacuole postero-lateral. Endoplasm 
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with laxge, colourless food-particles. Maeronucleus of two 
spherical parts. Locomotion irregtdar, swifb. 

Pelagic or among detritus in salt or fresh water. 

Dimensions. — ^Length 20-30ju, or according to some up to 
40 ju.. 

Remarks. — Claparfede and Laohmann, who described this 
species under the title HaUeria pulex, showed it as possessing 
three long bristle-like processes in advance of the mouth. 
Stein regarded these simply as three forwardly-direoted loco- 
motive cirri, but Kent interpreted them as an optical mis- 
interpretation of the everted attenuate proboscis. Kahl 
has shown that these tentacles are provided distally with 
suckers ajid serve to attach the organism during intervals 
of rest. According to him the tentacles are not always 
recognizable. The maeronucleus is shown as a single rounded 
body by Kent and by Blochmann, and as kidney-shaped by 
Sehewiakoff. Acoordang to Penard there are always two 
small macronuclei, one to the right and the other to the left 
of the median line, a little way behind the transverse furrow. 

Habitat. — l^esh water : Bombay. 



3. ramily COLEPID.E ClaparMe & Laohmann, 

1858. 

Body barrel-shaped or pointed posteriorly, covered with an 
ectoplasmic armour of regularly arranged plates. Anterior 
end of the body truncated, surrounded by the teeth-hke ends 
of the plates. Cilia arranged in longitudinal rows, those near 
the mouth more strongly developed. C3rtostome apical, 
surrounded by cirri-hke structures. Oytopharynx wide, 
funnel-shaped, provided with rod-apparatus. 



Genus COLEPS Nitzsch, 1817. 

OoUpa, STitzaoli, 18X7, p. 69 ; Ehrenberg, 1838, p. 317 ; Diojardin, 
1841, p. 565 ; C31apar6de & Laohmann, 1868-61, p. 364 ; EVo- 
mentel, 1874, p. 191 ; Kent, 1880-2, p. 506 ; Butsohli, 1887-9, 
p. 1686 ; Sohewiakoff, 1896, p. 166 ; Eoiix, 1901, p. 30 ; Noland, 
1925, pp. 3-13; Schoemchen, 1927, p. 185; Kahl, 1930-6, p. 131. 

Animalcules £ree-swinaming, small to medium-sized, more or 
less barrel-shaped. Anterior end truncate, surrounded by 
teeth-hke projections. Cuticular suifaoe usually longitudinally 
and transversely furrowed, and thus divided into numerous 
S3rtametrioal quadrangular facets forming a coat of mail ; 
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quadrangular facets smooth and indurated, the narrow inter- 
vening farrows soft and clothed with cilia. Mouth apical, 
terminal, surrounded with cilia of slightly larger size than those 
of the general surface; pharynx wide, funnel-shaped, and pro- 
vided with rod-apparatus ; anal aperture postero-terminal. 
Contractile vacuole single and terminal. Maoronuoleus rounded, 
with a micronucleus lying close to it. Posterior end of the 
body rounded and generaUy provided with spines. 

Divides by transverse fission. Locomotion rapid, constantly 
revolving and often changing the direction. Frequently 
«ontaining zoochlorellse. Marine and fresh water. 



Key to Indvam Species. 

1 (4). With posterior spines 2. 

2 (3). Three posterior spines ; 20 longitudinal 

rows of plates ; body fairly plijmp : fP- 97. 

length 40-66 ft C. Mrtus (O. B". Mull.), 

S (2). Four posterior spines : length 60-70 /t. O. unomaiiis Olap. & 
4(1). Without posterior spines : length about [Lach., p. 100. 

52 [I C kenti Bhatia, p. 98. 



41. Coleps hirtus (O. P. Miiller). (Fig. 34.) 

Oercaria Mrta, O. F. MtOler, 1786, p. 128, pi. six, figs. 17-18. 

Oolepa hirtMS, Nitzsoh, 1817, p. 4 ; Ehrenberg, 1830, p. 42 ; 1831, 
p. 100 ; 1838, p. 317, pLxxxiii, fig. 1, pi. xxxv, fig. 1 ; Dujar(&L, 
1841, pp. 566-7, pi. xvi, fig. 10 ; Claparede & Lachmann, 
1868-61, p. 366 ; Pritohard, 1861, p. 616, pi. xxiv, figs. 284-6 ; 
Bngehnann, 1862, p. 360 ; Stein, 1867, p. 118 ; Fromentel, 1874, 
p. 311, pLxxii, fig. 25 ; Kent, 1880-2, p. 606, pi. xxvii, figs. 3, 4 ; 
Maupas, 1885, pp. 337-67, pi. xvii ; 1888a, p. 236 ; 1889, p. 271, 
pi. xvi, fig. 13 ,- Butsohli, 1887-9, pp. 1686-7, pi. Iviii, fig. 1 ; 
Sohewiakofl, 1893, p. 38; 1896, pp. 169-70, pi. ii, fig. 35; Roux, 
1901, p. 30, pi. i, fig. 19. 
^Oolei)s Mrtus, Bhatia, 1916, p. 180 ; Ghosh, 1921, p. 7 ; Gulati, 
1925, p. 747, fig. 4. 

Col^a hvrtua, Noland, 1926, pp. 6-7, pl.i, fig. 3 ; BtiUington, 1925, 
p. 266 ; Lepsi, 1926 a, p. 41, fig. 86 ; Calkins, 1926, pp. 128, 374, 
figs. 65, 164 ; Sandon, 1927, p. 175 ; Sohoeniohen, 1927, p. 186, 
pi. xii, fig. 9. 
^Colefps MrHis, Bhatia & MuHiok, 1930, p. 391. 

OoUps hirtus, Kahl, 1930-6, p. 134, fig. 19, 1, 2. 

Body barrel- shaped, about twice as long as broad, rounded 
posteriorly, slightly narrower and truncate in front ; anterior 
margin denticulate, posterior extremity provided with three 
spines. Guticular surface divided into quadrangular areas. 
Colour whitish or light brown. Contractile vacuole single, 
posteriorly situated. Macronucleus spherical, subcentral. 

Dimensions. — ^Length 40-65^. 

OIL. H 
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R&marks. — Specimens of this cosmopolitan species are 
quite commonly met ■with in ponds, and whenever encountered 
are found in abundance. Individuals exhibit considerable 
differences in size and appearance. Specimens taken in 
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Fig. 34.— CoJeys hirhis (O. F. MiiU.). (After Noland.) 

Lahore axe generally 40/* by 20/i in size, but those found in 
Srinagar were larger, measuring from 48 to 60 )m in length. 

HMtat. — ^Pond water : Kashmie, Srinagar ; Punjab, 
Lahore ; BengaIi, Calcutta. 



42. Coleps kenti Bhatia. (Fig. 35.) 

Ooleps Urtus (part), Kent, 1880-2, p. 507. 
tCoIeps kenti, Ehatia, 1922, p. 28. 
Coleps striaiua, Elahl, 1930-5, p. 137, fig. 19, 20, 21. 

Body barrel-shaped, only one and one-thiid as long as 
broad, rounded posteriorly, broad and truncate anteriorly, 
not provided with apical projections and posterior spines. 
Cutieular surface divided into quadrangular areas by longi- 
tudinal and transverse farrows, the latter dividing the body 
into four chief girdles. Contractile vacuole and anal aperture 
posterior. Macronucleus spherical, subcentral. 

Dimensions. — ^Length 52/i, width 39 /i. 

jRewMM-fcs. — ^This species differs from C. hiriua in being 
proportionately much broader and ia the absence of apical 
projections and posterior spiaes. Kent also had observed 
forms " ia which no cusps whatever were developed at the 
posterior extremity, the size, quadrangular corrugation, 
and deeper longitudinal lines of furrows being, ia common 
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with all other structural details, identical with what obtains 
in C. hirtus. . . . While the comparative length and breadth 
range in most instances in the proportion of two to one, much 
shorter and almost subspherioal specimens were not infre- 
quently enooimtered." He, however, thought that this well- 
marked variety should perhaps be property referred to the 
genus Plagiopogon. But the genus Plagiopogon was founded 
by Stein for Cokps-like forms which, tiiough not possessing 
apical or posterior spines, are only longitudinally farrowed, 
and the surface is neither marked off into quadrangular 
areas nor bea<rs a coat of ma>il, as Goleps does. The form 
encountered by me is practically the same as that described 
by Kent, and regarded by him as a distinct variety of or a most 
closely aUied species to C. Mrtus, except that I did not £Lnd 




Fig. 35.—Ooleps henti Bhatia. O.V., contractile vacuole. 
(After Bhatia.) 

the proportion of length to breadth as two to one. For the 
reason mentioned above I would not refer Kent's form and 
uune to Plagiopogon, but consider that they merit separate 
specific distinction. 

Noland (1926) in his monograph on the genus Goleps haa 
overlooked this spedes. In the species recognized by Noland 
a number of posterior spines are always present, but in 
C. kenti there are no posterior spines, tihough the body is 
covered with a coat of mail. Referring to Kent's original 
description, Noland thinks that, if it is not a Plagiopogon, 
it is the simplest type of Goleps yet observed. Kahl (1930-5) 
considers my species as synonymous with Oolepa striates 
Smith, 1897, and Goleps inermis Party, 1852. I have not 
access to the original works of Smith and Perty, but on 
comparing my figure with those of G. sbiiaius and G. inermis. 
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as reproduced by Kahl, I find that my form is quite distinct. 
It is proportionately broader and more clearly marked into 
quadrangular facets. 
HaMtat. — ^Pond watCT : PtniJAB, Lahore. 



43. Coleps uneinatus Glapar&de & Lachmann. (Fig. 36.) 

CoUpe imavnostus, Clapar^de & Lachmano, 1868-61, p. 366, pi. xii, 
fig. 9 ; Kent, 1880-2, p. 307, pi. xsr?ii, fig. 6 ; Sohewiakofl, 
1896, p. 171 ; Roux, 1901, p. 30, pi. i, fig. 20. 
^Colepa unoinatus, Bhatia, 1922, p. 29. 

Ookps unmnaUia, Nolaud, 1925, p. 8, fig. 1 b ; Lepsi, 1926 a, p. 41 ; 
Sohoeniohen, 1927, p. 186, fig. 712; Kahl, 1930-5, p. 135, fig. 19, 11. 

Body ovate, slightly flattened ventrally, two and a half 
"times as long as broad ; the anterior margia bearing two spines 
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Kg. 36. — Col^M unoinatus Clap. & Laoh. S, mouth s Ma, maero- 
nucleus; Mi, mioronudeus ; Ph, pharynx; V.O, con- 
traotfle vacuole. (After Rous.) 

•on the more flattened ventral side ; four acuminate spines 
developed at the posterior extremity. Contractile vacuole 
"Single, posteriorly situated. Maeronuoleus discoidal, central ■ 
mioronucleus situated close by. Rare and living in mud ' 

Dimenaiona.— Length 60-70 jti, width 28-33jii. 

Bemarka. — ^The average size of my specimens was 70 u, by 
28 ;t, and the body was elongated oval and provided with 
four posterior spines. On staining with acetic methyl-green 
the spherical maeronuoleus and the small micronudeus situated 
dose by it were observed. On the ventral anterior margin 
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are two spines or hooks which, according to Claparfede and 
Lachmann (1858-61), are recurved, but are shown by Rous 
(1901) as straight and pointing forward. In the latter case^ 
according to Noland (1925), they do not differ materially 
from the longer teeth that may be seen at the lateral angles 
of the mouth of nearly all species of Colepa. 
HaMtat. — ^Pond water : Pttnjab, Lahore. 



44. Coleps sp. 

Ooleps sp., Simmons, 1891, p. 4. 
Habitat. — ^Pond water : Bengal, Calcutta. 



4. Family SPATHIDIIDiE Kahl, 1930. 

Body oval or cylindrical, with truncated anterior end. 
CiUa arranged in longitudiaal rows. Cytostome anterior, 
sht-Iike, siirrounded by a laterally compressed, more or less 
prominent, padded margin, which bears triohocysts. 



Genus SPATfflDIUM Dujardia, 1841. 

SpatMdium, Dujardin, 1841, p. 457 ; Butschli, 1887-9, p. 1680 ; 
Roux, 1901, p. 23 ; Hicksoa, 1903, pp. 397, 398 ; Penard, 1922, 
p. 23 ; Lepsi, 1926 a, p. 39; CaHdns, 1926, p. 404 ; Schoenichen, 
1927, p. 180 ; Reiohenow, 1929, p. 1171 ; Kudo, 1931, p. 360 ; 
Kahl, 1930-5, p. 149. 

Animalcules free-swimming, medium-sized to large ; body 
nearly purse-shaped, flexible, anterior end truncated and 
generally wholly taken up by the slit-like mouth ; margins 
of the mouth padded and thickened. Without pharynx. 
CiUa fine, short, ia longitudinal rows, somewhat longer on the 
thickening round the mouth. Contractile vacuole terminal 
or varying in number and position. Anus at the posterior end. 
Macronucleus round to elongated and rosary-shaped. Moro- 
nuolei one to many. Cy^ts spherical. 

45. Spathidium monlllforme Bhatia. (Mg. 37.) 

■\Spathidmm spatJnda vax. monUifonne, Bhatia, 1920, p. 259. 

Spcalddmm spathula, Feoard, 1922, p. 23, £lg. 16. 
■^Spaihidwim spatMila, Giilati, 1925, p. 746, pi. i, fig. 2. 

Spathidium moniliforme, KaJbJ, 1930-5, p. 168, fig. 22, 3. 

Body elongated, flask-shaped, flexible but not deformable ; 
anterior end obhquely truncate and occupied almost com- 
pletely by the narrow and elongated slit-Hke mouth ; margins 
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of the oral portion padded and provided with longer ciha. 
Ciliary lines on the general surface of the hody close and 
provided with fine and short cUia. Triohooysts small, fusiform, 
and more nnmerous round the mouth. Large contractile 
vacuole at the posterior end of the body. Macronucleus 
elongated, consisting of a number of beads, which are sometimes 
disjointed. 

DimeTisions. — ^Length up to 260 /i. 

Benuvrks. — The animals were found in large numbers. The 
body was flask-shaped, flexible though not very contractile ; 
the anterior end was narrower than the middle of the body, 
obUquely truncate and occupied almost completely by the 
narrow and elongated sHt-]ike mouth. The margins of the 
oral portion were padded. The general smface of the body 




■pig. 37. — SpathidAu/nh momtAformA Bhatia. C.V., contractile vaoixole ; 
N, macionuoleus ; 0, nxouth. (After Bhatia.) 

appeared to be striate. Cytoplasm was granular and the 
anterior part of the body somewhat clearer and more trans- 
parent, CUiation was uniform, with somewhat longer ciUa 
round the anterior end. The movements of the animal were 
slow, the anterior part of the body occasionally bending 
slightly. 

This form differs from 8. apaUivki 0. F. Mtiller in its 
much smaller size and in the character of the nucleus. The 
animals measured only 105 yx by 20 /a; instead of the usual size 
of the species, which is given as 180-240jot,. The macro- 
nucleus consisted of a long chain of small beads, which was 
bent upon itself. In the generic characters given by Bvitschli 
the nucleus is said to be round to elongated and rosary-shaped, 
but in the figure of 5f. spathida is shown as consisting of three 
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large beads only (plate Iviii, fig. 10). E. Aadvi (1916), 
under the name S. spathtda var. phirimicleata, described 
a form containing a large number of small, separate, rounded 
nuclei. The form here described differs from the latter in 
that these small, separate, rounded nuclei are not irregularly 
scattered but are parts of an elongated rosary which is bent 
upon itself. The form was originally described by me as 
a new variety of S. apathvia, but Kahl (1930) in his recent 
monograph considers S. phirinudeaAa Andr6 and S. monili- 
forme Bhatia to be distinct species and S. spathula as described 
by Penard to be identical with the latter. The size of the 
form described by Penard is mentioned as 240-260 ^ long and 
35-60 jn wide, and Penard has stated that the beads of the 
macronucleus are sometimes disjointed. Gulati (1925) foimd 
specimens which were proportionately very much wider than 
mine, measuring 112 /a by 85/*. 
Habitat. — ^Pond water : Punjab, Lahore. 



5. Family BUTSCHLIIDiE Poche, 1913. 

Parasites in the gut of the Ungulate mammals. Ciliation 
over the whole body or reduced to a single zone at the anterior 
end. Cytostome circular, situated at the anterior end of the 
body ; generally an anus at the posterior end. One or more 
contractile vacuoles. 

Remarks. — ^This family includes a large number of genera, 
most of which have been incompletely studied, and it is un- 
certain if all of them wiU, on further examination, be fotmd 
to belong to this family. 



Genus BUTSOHLIA Schuberg, 1888. 

BntsehUa, Sehuberg, 1888, pp. 369, 371 ; Butsehli, 1887-9, p. 1690 ; 
Hiokson, 1903, p. 400 ; Wenyon, 1926, pp. 1188-9 ; Reiohenow, 
1929, p. 1171. 

Body egg-shaped ; very minute ciha cover the general 
surface with a special pre-oral crown of longer oiha, and in 
some species an additional tuft of longer cilia at the posterior 
extremity. Cytostome terminal, leadnig to a short pharynx. 
A large spherical macronucleus and a single contractile vacuole 
present. 

Three species are known from the stomach of cattle and one 
from the caecum of the horse. 
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46. Bfltsehlia parva Schuberg. (Eig. 38.) 

BatsoHlia parva, Sohuberg, 1888, p. 372, pi. xii, figs. 1 & 2 ; Wenyon, 

1926, p. 1189, fig. 604, 1 ; Beichenow, 1929, p. 1171, fig. 1158. 
^Biitsohka parva, Kofoid & MaoLennan, 1933, p. 28. 

Form oval, often nearly spherical. Anterior end almost 
evenly truncated. Cytostome in the middle of the anterior 
end, leading to a short gullet. The entire surface of the 
body is covered with short and fine cilia, which are arranged 
in moderately spaced, longitudinal rows ; specially long cilia 
cover the anterior end of the body. There is a large spherical 
macronucleus and a single contractile vacuole. The endo- 




Fig. 38. — BiUschMa parva Schuberg. Jeh, excretory mass ; n, roaoro- 
nudeus ; o, mouth. Very fine cilia covering the whole body 
not shown. (From Reiohenow, after Schuberg.) 



plasm contains near the anterior end another vacuole, which 
is filled with strongly refractile, excretory particles. Parasitic 
in the rumen of cattle and sheep. 

Dmensums. — ^Up to 50 /a in length. 

iZemaribs.— Schuberg (1888), who first described this species, 
could detect only the longer cilia covering the anterior end 
of the body, but later observers state that, in addition, the 
whole body is covered with fine cilia. 

floftto.— Stomach of Bos indkm : locaUty not noted 
(Coonoor or Colombo). 



iLMPHlLBPTID^. 105 



2. Tribe PLEUfiOSTOMATA Sohewiakoff, 1896, 
emend. Kahl, 1930. 

Gymnostomatous Ciliates with the cytostome slit-like, 
running from the anterior pole along the compressed ventral 
border of the body, or roimd and situated at the base of 
a proboscis. 

Identification Table of Families. 

1 (6). Cytostome slit-like 2. 

2 (5). Cytostomial slit ciliated 3. 

3 (4). Cytostomial slit on the convex ventral border [Butsch., p. 105- 

of the anterior part of the body AmphileptidSB 

4 (3). Cytostomial slit on the concave ventral [p. 119. 

border of the anterior part of the body. . . . LoxodidSB Bfitsch.^ 

5 (2). Cytostome in an iinciliated groove extending 

backward from the anterior end ; near the 

posterior end is a ciliated groove which may [Orandori. 

serve as an organ of attaSmient AmphibotrelUdSB'" 

6 (1). Cytostome round, at the base of a proboscis. Traehellidas 

[Ehrbg., p. lis. 



1. Family AMPHILEPTIDiE BlitsohU, 1889. 

Body lanceolate, more or less laterally compressed, showing 
two broad lateral surfaces, and dorsal and ventral borders. 
The ventral border is convex and the dorsal sigmoid. Cilia 
fine, on all sides of the body, or confined to one lateral surface. 
Cytostome sUt-Kke, along the convex ventral border of the 
anterior part of the body, provided with trichocysts. Macro- 
nucleus bipartite or quadripartite, rarely undivided and 
band-shaped. 

Key to Indian Genera. 

1 (3). Both sides of the body normally ciliated. . 2. 
2. Oral cleft not reaching to the middle of the 

body. Body without hyaline trichocyst [& Lachm., p. 106. 

zone. Proboscis moderately long AMPHTTiTifTUS Clap. 

3 (1). OrJy the right aide of the body normally 

cih'ated 4. 

4 (5). Body veutrally with flat triohooyst zone, 

dorsally with similar zone or with tricho- [p. 112. 

cyst warts, proboscis poorly developed. . LoxoPHYixtnsi Duj.,. 

5 (4). Ventral and dorsal borders without mcho- 

cyst zone, lefb side quite uncUiated, [p. 106. 

proboscis well developed Litoktotxts Wrzes., 



106 CILIOPHOBA. 



Genus AUdPBnjSPTUS Claparfede & Lachmann, 1859. 

AinpMl^tus, Claparfede & Lachmami, 1838-61, p. 347 ; Kent, 
1880-2, p. 523 ; Butschli, 1887-9, p. 1690 ; Boux, 1901, p. 34 ; 
Penard, 1922, p. 64 ; Lepsi, 1926a, p. 34 ; CaUdns, 1926, p. 406 ; 
Schoenichen, 1927, p. 189 ; Keiehenow, 1929, p. 1172 ; KaW, 
1930-5, p. 182. 

Body elongated, contractile, only little of the anterior 
part of the body flattened ; posterior part narrower and 
pointed. CUia fine, thickly arranged on all sides of the body 
along regular longitudinal rows. Cytostome slit-like, along 
the convex border of the proboscis. No oytopharjnox. Tricho- 
cysts often present. Locomotion mostly slow, creeping 
hither and tlnther, or rotating on the long axis. Feeding 
on animal detritus. 



47. Amphileptas sp. 

Amphil^>ttts sp., Sinunons, 1891, p. 4. 
Habitat. — ^Pond water : Bengal, Calcutta. 

Genus LITONOTUS Wrzesniowski, 1870. 

AmphUeptiis (part), Bhrenberg, 1838, p. 354. 

LoxophyUum (part), Clapar&de & Lachmaim, 1858-61, pp. 357-64. 

Leionota, Wrzesniowski, 1869, p. 33. 

I/UontOM, Wrzesniowski, 1870, p. 496. 

DUepPua (part), Fromentel, 1874, pp. 176-7. 

LUonobua, Kent, 1880-2, p. 742. 

Lionotus, Butschli, 1887-9, p. 1691 ; Roux, 1901, pp. 35-6 ; Penard, 
1922, p. 64; Lepsi, 1926 o, p. 35 ; Calkins, 1926, p. 405 ; Schoeni- 
chen, 1927, p. 190 ; Beichenow, 1929, p. 1172 ; Kahl, 1930-5, 
p. 185. 

Body elongated, strongly flattened, chiefly at the anterior 
end, often curved in a S-shaped maimer, anteriorly drawn 
out into a more or less elongated neck, posterior end narrow 
and pointed. The right flattened surface with longitudinal 
rows of cilia, the left side of the body without cilia. Mouth 
sKt-like, more or less elongated along the convex border of 
the anterior portion, with a row of stronger cilia along the 
left oral border and a row of triohoeysts along the right oral 
border. Pharynx absent. Contractile vacuole single and 
terminal, or multiple and arranged in one or two rows. Anus 
at the posterior end or at the base of the tail-like portion. 
Macronucleus bipartite, the two halves connected by a thread, 
or sometimes band-shaped or multipartite. Body flexible^ 
contractile, often transparent. Locomotion slow, gliding on 
the ciliated side. 
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Remarks. — ^Wrzesniowski erected the genus lAtxmotus for the 
reception of those species, previously referred to LoxophyUum 
or Amphileptus, which he demonstrated to be cUiate only on 
the lower or " ventral " surface. If, however, we regard the 
edge bearing the slit-like mouth as ventral, the oihate surface 
should be referred to as right and the unciliated one as left. 

BiitschM (1889) wrongly changed the name to Lumotus 
with the remark "falslioh zuerst Litonotus genannt." The 
name as given by Wrzesniowski, the author of the genus, is 
lAtonatus, and must be followed, as both Leionota and Lwnotus 
are preoccupied. 

Key to Indian Species. 

1 (4). Wiih single contractile vacuole 2. 

2 (3). Lanceolate, macronuoleus consisting of 

two spherical lobes united to one another: [p. 107. 

SO-100 ju in length L. fasekHa (Ehrbg.), 

3 (2). Lanceolate, macronuoleus reniform : 90 /i [p. 109. 

in length L. mfusiovma Ghosh, 

4 (1). With several contractile vacuoles in a 

dorsal and a ventral row ; posterior end 
of the body pointed ; with trichocysts. . 5. 

5 (6). Macronuoleus of two spherical or oval 

parts, united together by a thread, or [Stokes, p. 110. 

discrete : 200-300 in, in length L. jal&uroaigma 

6 (5). Macronucleus bilobed, lobes in contact [p. 111. 

with one another : 170 /x in leoogtfa L. siamlia Ghosh, 

48. Litonotas fasciola (Ehrenberg) Wrzesniowski. (Fig. 39.) 

Am^MLephis faseiola, Ehrenberg, 1838, p. 356, pi. xsxviii, fig. 17 ; 

Dujardin, 1841, p. 485, pi. xi, fig. 17. 
^Amphdleptus fasdola. Carter, 1866 6, p. 225. 
LoxophyUum faadola, Clapar&de & Lachmann, 1858-61, pp. 361-2. 
An^h/ileptusfasaiola, Stein, 1867, pp. 24, 64, 67, 118, 119. 
Leionota fasoiola, Wrzesniowski, 1869, p. 33. 
Litonotus fasciola, Wrzesniowski, 1870, pp. 600-1, pis. xxii-xxiii, 

figs. 29-32. 
Dil&pttia fasoiola, Fromentel, 1874, p. 290, pi. xviii, fig. 8. 
Litonotus fasciola, Kent, 1880-3, p. 743-4, pi. xlii, filgs. 6-11. 
AmpMleptus masailiemMs, Gouiret & Eoeser, 1886, pp. 471-2, 

pi. xxLs, figs. 2, 3. 
Lionotus fasciola, BiitsohH, 1887-9, pp. 1372, 1388, 1461, 1691, 

pi. lis, fig. 6. 
LoxophyWimi, fasciola, Maupas, 1888 a, p. 248 ; 1889, pp. 278-84, 

pi. xvi, figs. 29-42. 
Lionotus fasciola, Schewiakoff, 1889, pp. 19-22 ; 1896, p. 202, 

pi. ii, figs. 49-60 ; pi. vi, fig. 168 ; pi. vii, figs. 176, 197 ; Roux, 

1901, p. 36, pi. ii, fig. 3. 
•fLoxop?v!/Uwm fasciola, Bhatia, 1920, p. 260. 
^LionoPus fasoiola, Ghosh, 1921, p. 8. 
LionatMS fasciola, Penard, 1922, p. 64, fig. 68 ; Lepsi, 1926 o, p. 44, 

fig. 99 ; Sohoenichen, 1927, p. 190, pi. xii, fig. 15. 
Lionotus fasciola, KaM; 1926, pp. 292-3, fig. K, ; 1930-5, p. 194, 

fig. 28, 7. 
■^Lionotus fasoiola, Bhatia & MuUick, 1930, p. 393. 
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Body lanceolate, flexible but not contractile ; the neck-like 
portion scarcely equalling in length one-half of the entire body, 
curved at its extremity towards the right, gradually narrowing 
towards the end, and not sharply distinguished from the body ; 
posterior end obtusely pointed. Mouth-cleft along the convex 
border of the neck ; the cilia situated along the mouth-cleft, 
of larger size than on the remaining surface ; trichocysts 
along Qie left oral border. Ciontractile vacuole single, situated 



JVt^Ji 




Fig. SQ.—Utoneme fasdola (Ehibg.). B, mouth-eleft ; Ma, xnaoro- 
nuoleus; Jlfi,imoroniu3leiiB; Tr, triohoeysts; V.O, oonbraotU.^ 
vacuole. (After Rous.) 

near the base of the short tail-like prolongation. Macro- 
nucleus bipartite, suboentral, each portion spheroidal, and 
connected by a cord-like structure ; micronucleus between 
the two portions of the macronucleus. Locomotion slow 
alternately swimming backwards and forwards. ' 

Dimensions. — ^Length 80-100 /i. 

Bemarks.— 'Examples of this species were found in large 
numbers m water from a drain at Lahore. They were %f 
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.somewhat smaller size than usual, and measured 94: (i by 31 fj,, 
the neck portion being 31 jti, i. e., one-third of the entire length. 
Locomotion was characteristic, slowly swimming forwards 
■or backwards. Very much smaller specimens were found 
in pond water at Srinagar (Kashmir). 

Habitat. — ^Dirty water : EIashmir, Srinagaj ; Punjab, 
Lahore ; Bombay ; Bdngal, Calcutta. 



49. Litonotus infusionus Ghosh. (Fig. 40.) 

•\LionoPu8 mfasionus, Ghosh, 1920 a, pp. 146-7, fig. 3 ; 1921 a, p. 7. 
Lionottis infusiomis, Kahl, 1930-5, p. 195. 

Body lanceolate, widest in the middle and tapering to 
A rounded end posteriorly. Dorsal surface strongly convex 
in the niiddle, ventral slightly so, with a median ridge extending 
from the middle of the body to the posterior end. Anterior 
l>eak twisted and bent to the left side and towards the ventral 




Fig. 40. — Litonotus mfimomia Ghosh. (After Ghosh.) 

•aspect. (>ytostome sht-like, ocoupjnng about one-third the 
body-length. GLIia in longitadinal meridional rows, those 
along the left margin of the cjrtostome longer than the others. 
Trichocysts usually in a row along the right margin of the 
beak. Contractile vacuole single, large, oval and postero- 
terminal. Macronucleus reniform, placed obhquely in the 
anterior half of the body. Mcronucleus small, spherical, in 
-the notch of the macronucleus. 

Dimensions. — Length 90 ju., width 20 fi. 

HMtca. — ^Hay inftisions and pond water among E;p%styli8 
..and Carchesium colonies : Bengal, Calcutta. 
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50. Litonotus pleuroslgma Stokes. (Fig. 41.) 

Litonotua pleurosigma, Stokes, 1884 b, p. 124. 
■\IJoxophyllitm faaciola subsp. punjabensia Bhatia, 1916, pp. 181-3, 

fig. 3. 
lAonotus pleurosigma, Penard, 1922, pp. 68-9, fig. 74. 
H&miophrys (lAonotus) plvuroaigma, Kahl, 1926, pp. 293-5, fig. L,; 

1930-5, p. 186-7, fig. 28, 2. 

Body elongate, transparent, flexible, but scarcely contractile, 
posterior end drawn out into a tail-like prolongation or only 
pointed, tapering gradually towards the anterior extremity, 
which, is curved. Oral cleft along the convex border. Cuticular 
surface longitudinally striate ; cilia more conspicuous on the 
neck-region. Contractile vacuoles multiple, variable in num- 
ber, arranged in two rows. Macronuoleus bipartite, spheroidal. 



N- 




CV. 



Fig. 41. — LUonolus plewosigma Stokes. O.V., oontraAtile vacuolea ; 
N, xnacronudeus. (After Bhatia.) 

subcentral ; micronucleus between the two parts of the 
macronuoleus. 

Dimensions. — ^Length up to 300 /x. 

Bema/rks. — ^The animal showed d.ow locomotion, now moving 
forwaids, then suddenly in a backwards direction. Ihe length 
of a specimen was 147 /i and the maximum width 42ix. 
When I made the acquaintance of this form I did not have 
Stokes's work at my disposal, . and it appeared to resemble 
most closely Litonoiris varsoviensis Wrz. (Kent, 1880-2, p. 744, 
pi. xlii, fig. 4), from which, however, it differed in the number 
of contractile vacuole asnd their arrangement in two longitu- 
dinal rows iostead of one containing five contractile vacuoles 
only. At the time I considered that both my form and 
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L. varsomensis should be regarded as distinct subspecies of 
L. fasciola, which some writers had removed from the genus 
LUonotiis, reserved for species with a very long neck (in some 
being even longer than the body), and had again placed in 
LixayphyUum, to which indeed it originally belonged : the 
name punjabensis was given to the subspecies to indicate 
its special pecuHarities. 

Recent workers have, however, more acom:ately defined 
LitonotuB, and L. fasciola has again been placed imder that 
genus by EpOux, Penard and others ; and Kahl, in his recent 
monograph, has referred my form to Litonotus plewoaigma 
Stokes, a view which I accept. Kahl states that the neck often 
possesses an apical group of trichooysts, and the trichocysts 
are also distributed in the plasma. The trichocysts were not 
noticed by me. 

Habitat. — Stagnant water : Punjab, Lahore. 



51. Litonotus slmills Ghosh. (Fig. 42.) 

^Litmotiis simMis, Ghosh, 1921 a, p. 8, fig. 3. 
Hemiophm/s (Lionotws) aimilie, Ka,"h1, 1930-5, p. 188. 

Body broadly lanceolate, widest behind the middle, more 
tapering anteriorly than posteriorly. Anterior end pointed 




Fig. 42. — L&onoius simiUs Ohoah. 

and cmrved to one side. Cytostome extending beyond the 
anterior one-third of the length of the body. Longitudinal 
dliary rows faint. Trichocysts scattered. Contractale vacu- 
oles 5-6 in number and placed in two rows along both the mar- 
gins. Mioronudeus by the side of the maoronucleus. 
Dimensions. — ^Length 170//,, width 52ju.. 
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Bemarks. — ^According to Ghosh this species diEfers from 
L. fasciola Bhrbg. in having scattered trichocysts, a smaller 
cytostome, and numerous contractile vacuoles, but agrees 
with it in having a bilobed maoronuoleus. It resembles 
L. diajihanes Wrzesn. in having scattered trichocysts, but differs 
from it in the arrangement of the contractile vacuoles and 
in the shape of the maoronucleus. Kahl (1930) thinks that 
it is probably identical with L. plewosigma. The maoronucleus 
does not, however, consist of two discrete parts ; and the 
■contractile vacuoles, though stated to be 5-6 in two rows, 
are actually shown in the figure as 4 in the ventral and 2 in 
the dorsal row. 

HcMtat. — ^Vegetable infusions : Bengal, Calcutta. 



52. Xdtonotus sp. 

Lionotus sp., Chaudhuri, 1929, p. 54. 

Habitat. — Soils from CbntkaIi India, Indore, and CbyiiON, 
■Colombo. 



Genus LOXOPHYIiLUM (Dujardin, 1841), 
emend. Wrzesniowski, 1869. 

LoxopJvyllmn (part), Dujardiii, 1841, pp. 467, 487; (part) Clapax^e 

& Laohmaim, 1858-61, pp. 357-64. 
LoxophyUum, Fromentel, 1874, p. 178 ; Kent, 1880-2, pp. S27-8 ; 

ButsohK, 1887-9, p. 1692 ; Rous:, 1901, p. 38 ; Penard, 1922, p. 71 ; 

Lepai, 1926 a, p. 35 ; Calkins, 1926, p. 405 ; Sehoeniohen, 1927, 

p. 191 ; Reiohenow, 1929, p. 1172 ; Kahl, 1930-6, pp. 195, 197. 

Body contractile and flexible ; flattened, leaf-Hke, pointed 
.at the anterior and posterior ends. Anterior portion bent 
towards the dorsal border. Cilia in longitudinal rows on the 
right surface of the body, left surface without cilia. Mouth 
sKt-like, along the convex border of the anterior portion, 
as in the preceding genus. Recognizable from the preceding 
genus by the possession of a hyaline zone along the ventral 
border, extending up to the posterior end and usually provided 
with trichocysts ; with a similar zone extending along the 
dorsal border, or narrow and with trichocysts collected in 
warty bundles. Locomotion ghding. 

Key to Indian Species. 

Body ettnall, up to 250 /*. Macronudeios bi- [p. 113. 

partite L. hnVus (Stokes), 

Body large, up to 700 n. Maoronucleus multi- [Mull.), p. 114. 

partite or rosary-slmped L. mdeagris (O. P. 



LoxoPHYiitna. 



iia 



63. Loxophyllum helus (Stokes). (Fig. 43.) 

Litonottts heVua, Stokes, 1S84, p. 124 ; 1888, p. 268, pi. ix, fig. 19. 
LoxophyUum hehia, Penard, 1922, p. 73, fig. 78 ; KaM, 1926, 

pp. 295-6, fig. Ml ; 1930-5, pp. 199-200, fig. 30, 17. 
•^LoxophyUum, hehia, Bhatia & MuIIick, 1930, p. 893. 

Body elongate, lanceolate, flattened, anterior end prolonged 
into a short neck wMcli is curved toweirds the dorsal edge, 
posterior end acnminate, very conlxactile. Month slit-like 
along the convex border of the neck. Hyaline zone narrow, 
provided with fine trichooysts along the ventral border and 
the posterior end. The dorsal border is raised into a number 



Fig. 43. 




Fig. 44. 




Fig. 43. — LoxophyWum, helMS (Stokes). (After Kabl.) 

Fig. 44. — ^roa»p%raiMTO wieZeoSTOS (O. F. Mull.), .il, anus; B, ojrtostome s 

O.V.O, feeder canal of the vacuole ; Ma, macronudeos ; 

MijUuoronuoleus; Tr, trichoojrsts ; F.O, contractile vacuole., 

(After Rous.) 



of papillse, underneath each of which is a bundle of tricho- 
oysts. The right side of the body is flattened and covered 
over by cilia arranged along numerous closely approaching 
longitudinal lines. The left side is bulging and marked by 
only a few furrows, but does not bear any cilia. Contractile 
vacuole posterior, subterminal, sometimes with accessory 
vacuoles. Macronucleus consists of two ellipsoid portions- 
with a micronucleus lying between them. 

coil. I 
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DimemwMW.— Length 109-130/*, and up to 250jii when 
My extended. 

Eemarks.—A. few specimens, showing the characters of 
the species as given above, were met with. The length of 
the organisms was only 124/n. Scarce. 

HabiM.—'BoaA. water : Kashmir, Srinagar. 



54, Loxophyllum meleagris (0. F. Miiller). (Fig. 44.) 

Kol^poda mdeagrk, 0. F. Miiller, 1786, pp. 99-101, pi. xiv, figs. 1-6, 
pi. XV, figs. 1-5. 

AmphUejitus mdeagris, Ehrenberg, 1838, p. 357, pi. xxxviii, fig. 4 

LomphyUwm mdeagris, Dujardia, 1841, pp. 488-9, pi. xiv, fig. 6 ; 
Clapaj-^e & Ladunann, 1858-61, pp. 358-61, pi. xvi, fig. 9 ; 
Stein, 1859 d, pp. 61-3, 89 ; 1867, pp. 10, 64, 67, 80, 81, 82, 90, 104; 
Pritohard, 1861, p. 639 ; Wrzesniowski, 1869, pp. 44-5, 48, pi. iv, 
figs. 28-30 ; Fromentel, 1874, p. 294, pi. sx, fig. 7 ; Kent, 1880-2, 
p. 528, pi. xrvii, fig. 52 ; Batschli, 1887-9, p. 1692, pi. k, fig. 2, 
a, b i SohewiakoS, 1896, p. 209, pi. iii, i^. 55 ; Bous:, 1901, 
p. 38, pi. ii, fig. 8 ; Penard, 1922, pp. 71-3, fig. 77. 

^iMiiophj/llmi meleagris, Gulati, 1925, p. 747, pi. i, fig. 8. 

Loxopf^Wum meleagris, Lepsi, 1926 a, p. 43, fig. 105 ; Calkins, 1926, 
p. 380, fig. 167; Sohoemohen,1927,p,192,fig. 719; Kahl, 1930-5, 
p. 202, S§. 30, 12. 

Body very flexible. Form very variable, jfrom lanceolate 
to broadly leaf-shaped, narrow anteriorly and curved towards 
the dorsal aspect. Ventral border broad, uniformly provided 
with trichocysts. Dorsal border crenulate, the projections 
provided with groups of trichocysts. Contractile vacuole 
single, dorsal, subterminal, with a distinct canal running 
near the dorsal border and presenting several ampullae. 
Ciliary lines close, with short, thick cilia. Macronucleus 
rosary-shaped or consisting of separate small oval masses. 
Micronudei corresponding ia. number to the parts of the 
macronucleus. 

jWmensiows.— Length 300-400 ju,; sometimes much larger, 
up to 700 jLi (accordbig to Penard), 

Ha&itof.— Stagnant water : Punjab, Lahore. 
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2. FamUy TRACHELIID^ Ehrenberg, 1840. 

Elongated or ovoid or almost spheroid forms, provided with 
a short or long proboscis. Body covered with uniform ciUa. 
Special dlia along the ventral border of the trunk. Cytostome 
round, situated at the base of the proboscis. Cjrtopharynx: 
provided with trichocysts or trichites. Contractile vacuoles 
numerous. Macronucleus multipartite or band-shaped. 



Key to Iridian Genera. 

1. Anterior end of the body runs out into 
a trunk or finger-like process. Free- 
living 2. 

2 (3). Form lanceolate, posteriorly drawn out 

into a taU-like process or at least pointed, [p. 115 

rounded only in a form, found in moss . . . Dixeptus Buj., 

3 (2). Form oval to spherical, posteriorly rounded |^. 117. 

or only slightiiy pointed Teaobcblius Schr., 



Genus DILEPTUS (Dujardin, 1841), 
emend. Wrzesniowski, 1870. 

DOefptus, Dujardin, 1840, p. 285 ; 1841, pp. 404-7. 

A.mphileptus (part), Clapar^e & Lanlirnann, 1858-61, pp. 347—8 ; 

Fromentel, 1874, p. 176 ; Kent, 1880-2, p. 623. 
DUeptus, Butsohli, 1887-9, p. 1693 ; SohewiakofE, 1896, p. 219 ; 

Rotix, 1901, p. 41 ; Penard, 1922, p. 79 ; Lepsi, 1926 o, p. 35 ; 

Calking, 1926, p. 405 ; Sohoeniohen, 1927, p. 192 ; Reiehenow, 

1929, p. 1172 ; Kahl, 1930-6, pp. 204-5. 

Animalcules free-swimming, medium sized to very large. 
Body not compressed, greatly elongated and very contractile ; 
posterior end usually tapering ; neck long, very movable, 
more or less bent dorsalwairds. Mouth a round opening situated 
at the base of the neck. Cilia on all sides fine, with a row of 
stronger cilia along the ventral border of the proboscis. Along 
the ventral border of the proboscis is a row of trichocysts, 
which are also found in the upper surface of the body. Contrac- 
tile vacuoles numerous, in several rows along the back. Anal 
aperture situated at the base of the pointed tail. Macro- 
nucleus elongated, band-shaped or rosary-shaped ; micro- 
nuclei nimierous and lying close to the parts of the macro- 
nucleus. Locomotion quick and graceful, the neck con- 
stantly bending forwards and backwards. Fresh water and 
marine. 

i2 
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65. Dfleptus anser (O. F. Miiller). (Fig. 45.) 

VHyno anser, O. F. Miiller, 1773, p. 46 ; 1786, pp. 73-4, pi, x, 

•figs. 7-11. 
AmphU&ptus cmaer, Ehrenberg, 1838, p. 355, pi. xxxviii, fig. 4. 
Amphileptus ma/rgaritif&r, Ehrenberg, 1838, p. 355, pi. xxxvli, 

fig. 5. 
Dil&ptus anaer, DujardUn, 1841, pp. 407-9, pi. vii, fig. 17. 
AmphMeptms anaer, ClaporMe & Lachmaiin, 1858-61, p. 352. 
DUeptus anser, Steiix. 1859d, pp. 61-4, 80, 81, 90 ; 1867, pp. 67, 75, 

81, 82. 
AmpMlepius anser, Pritohard, 1861, p. 636, pi. xxiv, figs. 312-13 ; 

BVomentel, 1874, p. 286, pi. xviii, figs. 9, 9o; Kent, 1880-2, 

p. 525, pi. xxvii, figs. 39 & 40. 
DilepPus anaer, Butsohli, 1887-9, p. 1693, pi. lis, fig. 4, a-ff ; 

Schewiakoff, 1889, pp. 22-4, pi. iii, figs. 31-3 ; 1896, pp. 221-2, 

pi. iii, fig. 61, pi. vii, fig. 181 ; Roiix, 1901, p. 42, pi. ii, fig. 11. 
f DUeptus gigas, Bhatia, 1922, p. 29. 
Dileptus amser, Lepsi, 1926a, p. 44, fig. 113 ; CaUdns, 1926, pp. 61, 

116, figs. 24, 88. 
DUepiiM gigas, Sohoeniohen, 1927, p. 192, pi. xii, fig. 17. 
DUeptus anser, Kahl, 1930-5, p. 206, fig. 31, 17. 

Body elongated, brownish-yellow or greyish- white, posterior 
end with a pointed tail-like projection ; the neck more or less 



Kg. 45. — DUeptus anser (O. P. Mull.). B, cytostome ; Ma, maoro- 
nuolefus ; Tr, tiichooystB ; V.O, oontraotile vacuoles. 
(After Koiix.) 

elongated, strongly compressed, one-half to as long as the 
body. Cilia of lie body short, fine, with stronger adoral cilia 
on the ventral border of the proboscis. Mouth at the base 
of the neck surroiinded by a swoUen margin without oUia. 
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Oytopharynx funnel-shaped, longitudinally striated. Tricho- 
cysts on the ventral surface of the neck. Contractile vacuoles 
numerous, in a dorsal row. Anal aperture on the surface 
at the base of the tail. Macronucleus elongated, sausage- 
shaped or moniliform. Very voracious, devouring large 
animalcules. 

Dimensions. — ^Length 200-400 /*, rarely up to 600/a. 

Remarks. — ^The body and the neck ^owed movements 
which are characteristic of the species. Specimens were smaller 
than the size usually recorded for the species : they measured 
on an average 200 /i only. The ratio between the length of 
the neck and that of the rest of the body in the specimens 
that came under my observation was 2 to 3. The cilia 
covering the body were very fine and close-set, and the neck 
showed a narrow groove along which the stronger adoral cilia 
were situated. The body did not show any longitudinal 
striations, and the endoplasm was finely granular. The row 
of contractile vacuoles extended into 3ie proboscis also. 
The tail was obtusely pointed, and not drawn out into a distinct 
prolongation. 

The original descriptions of D. anser and D. gigas were not 
available to me in 1922, and, the two species having been 
merged into one by Eyferth-Schoenichen (1909), I referred 
my examples to D. gigas. Schoenichen (1927) stUI regards 
the two as synonyms. Kahl (1930-5) has stated the distinc- 
tions clearly, and the form is now correctly referred to D. anser. 

Habitat. — ^River water : Pttnjab, Lahore. 



Genus TRACHELIUS, Sohrank, 1803, emend. 
Claparfede & Lachmann, 1858-61. 

Traahelms, Schrank, 1803, p. 20. 

TraehOms (part), Ehrenberg, 1838, p. 320. 

TracheUus, ClaparMe & Lachmann, 1858-61, pp. 345-7 ; Fromentel, 
1874, p. 182 ; Kent, 1880-2, p. 622 ; Butsohli, 1887-9, p. 1692 ; 
SchewiaJsoff, 1896, p. 216, Rous, 1901, p. 41 ; Hiokson, 1903, 
p. 400 ; Minohiu, 1912, p. 439 ; Penard, 1922, p. 80 ; CaUdns, 
1926, p. 405 ; Lepsi, 1926 a, p. 35 ; Schoenichen, 1927, p. 192 ; 
Reiohenow, 1929, p. 1172 ; Kail, 1930-5, p. 210. 

Body elongated oval or spherical, with rounded posterior end 
and relatively short and plump neck, which is cmrved dorsal- 
wards. Body flexible, neck mobile. Endoplasm wide- 
meshed. Ventral surface flattened, sometimes with a depres- 
sion in its middle. Mouth on ventral surface at the base of 
the neck. CSlia uniform on aU sides. A row of stronger cilia 
extends badk from the anterior extremity of the neck, sur- 
rounds the mouth and is continued forward again to the 
anterior extremity Cytopharynx long, conical, provided with 
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rods. Anus posterior, ventral. Contractile vacuoles nume- 
roTis. Macronucleus central, ovoid. Micronucleus close by. 
Movements swift, rotating round the long axis. Feeding 
on diatoms, algse and infusoria. 



56. Traohelius gutta (Cbhn). (Mg. 46.) 

AmphHeptua gutta, Coha, 1866, p. 269, pi. xv, fig. 50 ; Kent, 1880-2, 

p. 627. 
TracheJma gutta. Hamburger & Bruddeabrook, 1911, pp. 33-4, 

£g. 29. 
^Traohdina guUa, Ghosh, 1920 a, pp. 144-5, fig. 1 ; 1921 o, p. 8. 
TracheUua gicUa, Lepei, 1926 a, p. 44. 

Body elongate-pyriform, rounded and widest posteriorly ; 
anterior extremity pointed, curved towards the dorsal aspect. 
Cytostome situated on the ventral surface at a distance of 




Fig, 4S.-—TracheMu8 gvMa (Ctohn). (After Ghosh.) 

about one-third of the length of the body &om the anterior 
extremity. Oytopharynx a smooth, conical, corneous tube, with 
its long axis in the direction of the curvature of the neck. 
Cuticular surface striate longitudinally, densely clothed with 
short, fine, even cilia ; ciha on the anterior or oral regions 
not specially diflferentiated. Endoplasm with nrunerous large 
spherical water- vacuoles. Contractile vacuole single, postero- 
terminal. Macromicleus in the form of numerous scattered 
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refringent corpusoles. Locomotion constant in a forward 
direction, rotating on its long axis. 

Dimensions. — ^Length 120-125 /a. 

Bemarks. — ^Theform described Iby Ghosh (1920 a) differs from 
the description, as given above, in the following respects : — 
The cytostome is at one-fourth of the length of the body 
from the anterior end ; oontractile vacuoles are two in number ; 
macromicleus is irregularly and elongately oval and placed 
in the posterior half of the body ; anterior portion forms 
a broad proboscis and is devoid of spherical granules. Length 
214/4, breadth 101 /a. Organism is capable of changing its 
shape from an elongated pyriform to a nearly spherical form. 
Ghosh considers it to be a new variety of T. gtiMa, but from his- 
description and figure it is impossible to decide if the form 
has been correctly identified. 

Habitat. — ^Putrefying vegetable infusions : Bengal, Cal- 
cutta. 



3. FamUy LOXODIDiE ButschU, 1889. 

Body elongated, more or less laterally flattened, anteriorly 
terminating in a beak-like process which is curved ventral- 
wards, posteriorly pointed or rounded. CSha rather long, 
distributed along longitudinal hnes, on the right surface of the 
body only. The dorsal and ventral borders bear numerous, 
short, immobile, tactile bristles. Cytostome sKt-like, situated 
on the concave ventral border of the anterior part of the body. 
Contractile vacuole absent or single. Macronuclei two or more. 

This family contains only one genus. 



Genus LOXODES Ehrenberg, 1830, emend. ClaparMe & 
Laohmann, 1858. 

Loscodes, Ehrenberg, 1830, p. 42 ; 1838, p. 323 ; Olapartde & 

LachTTfiaTin, 1868-61, p. 339. 
Drepanostoma, Engelmann, 1862, p. 382. 
Lozodes, Fromentel, 1874, p. 182 ; Keat, 1880-2, p. 748 ; Batsohli, 

1887-9, p. 1694 ; Schewiatoff, 1896, p. 212 : Eoux, 1901, p. 39 ; 

Minohia, 1912, pp. 439, 448 ; Penard, 1922, p. 77 ; Calldas, 

1926, p. 405 ; Lepsi, 1926 o, p. 35 ; Sohoeniehen, 1927, p. 193 ; 

Eeichenow, 1929, p. 1172 ; Kahl, 1930-5, p. 212. 

Large to very large, elastic but persistent in form, flattened 
and leaf-like, anteriorly with a beak bent ventralwards, posterior 
end pointed or rounded. The right surface is sUghtly convex, 
distinctly longitudtoaUy striated and ciliated, the caUa being 
delicate, moderately long, and closely arranged in longitudinal 
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rows ; the left suxface is flat and naked*. The ectoplasm 
appears to be more or less brown, owing to closely situated 
brown granules. Along the dorsal border lie a variable 
number (5-25) of strongly refraotile bodies known as Miiller's 
corpuscles. la the ventral border of the beak is a narrow 
cleft, the oytostome extending as a sUt along the whole 
curvature of the blade of the sickle which characterizes the 
anterior part of the animal ; there is no true cytopharynx 
(what is generally represented as ojrtopharsoix and looks like 
the han(fle of the sickle is merely an internal fold). The 
endoplasm is vacuolated. Contractile vacuole absent or 
single. A row of non-contractile vesicles may also be present. 
Anus situated on the unciliated surface in the posterior quarter 
of the body. The macronuclei are two in number or numerous, 
small and spherical, each with a strong membrane and a central 
nucleolus, and arranged along the length of the animal in 
a more or less regular row ; the micronuclei are in the neigh- 
bourhood of the macronuclei. Locomotion moderately quick. 

Ke/ji to Indian Species. 

1 (6). Two maoronnolei 2. 

2 (3). The macronuclei lie so close to one anobher 

that the single micronucleus is flattened 
between the two. 



* Great divergenoies are met with in the recorded descriptions 
by difEerent authors of the various forms included in this genua. 
In the first place, it may be pointed out that all the German authors 
speak of the borders as being ventral and dorsal and the flattened 
and convex surfaces as right and left respectively, while English, 
Preneh and American writers refer to the borders as being situated 
on the left and right and the two smfaces as ventral and dorsal. 
As regards the nuclei, Wrzeaniowski has demonstrated " a racemose 
development of ihe numerous spherical endoplasts or nuclei, with 
their attached endoplaatxdes. In many instances the eudoplastule, 
instead of being fixed to the endoplast, is found attached separately 
to the cord or funiculus, while in other cases it may be entirely absent ' ' 
(Kent, 1880-2, p. 749, and pi. i, flg. 14). Batschli, in his description 
of the genua, states : " Ein bis sehr zaMreiohe kleine runde Ma.Ni 
(je nach der G-rosse der Thiere) duroh den gresammten Korper zerstreut 
und imverbunden. Zahl der Mi.Ni ahnlioh verschieden." SohewiaJiofi 
(1803) remarks as foUows : — " Untersoheidet sioh von den bisher 
unter diesem STamen besohriebeaen Formen dureh einen ovalen, in der 
Korpermitte gelegnen, feia-netzigen MahrormcUus, dem ein kleiner 
•mik ronucleuB aiJiegt und duroh die Lage der contractil^L vacuole. 
Letztere liegt niefct terminal, sondem rechtseiting in der vorderen 
KSiperbfilfte unweit des Muadendes. Diese tJnterschiede halte ieh 
fur unzureichend zur Aufstellung einer neuen Art." Conn (1918) 
states " Nuclei may be two or more." Penard (1922) says that nuclei 
are numerous, small and Efpheiical. There would thus seem to be at 
least three distinct types of nuclear apparatus : (1) a single macro- 
nucleus as described by SehewiakoflE ; (2) two macronuclei as described 
by Coim. ; and (3) numerous macronuclei, either connected by a thread 
or not, as described by Wrzeaniowski, Bfitschli and the present writer. 
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3 (2). The macronuclei lie wide apart 4. 

4 (5). Two mioronuolei, attached to the posterior 

pole of the anterior and the anterior pole 

of the posterior macronudeus ; posterior 

end of the body pointed x^entralwards ; 

no contractile vacuole : length up to [mann), p. 123. 

200 fj, L. striattts (Engel- 

-5 (4). Two imcronnclei lying close behind each 

macronudeus, posterior end rounded ; 

contractile vacuole postero-terminal : [& Mullick, p. 121. 

length 130-170 ft L.'bahaduri Bhatia 

6(1). Macronuclei and micronuclei numerous. . . 7. 
7. Posterior end of the body more or less 

pointed ventralward ; contractile vacuole 

single, central, with a row of non- 
contractile vesicles arranged along the [sp. nov., p. 121 

ventral border L. punjabe 



-57. Loxodes bahadurl Bhatia & MuUick. (Fig. 47.) 

■^Loxodea hahaduH, Bhatia & MuUick, 1930, p. 392, fig. 1. 

Body elongated and laterally compressed, elastic, though 
preserving a dejSnite oval shape. The anterior end pointed 
and curved towards the ventral border. The ventral border 
of the anterior portion marked by a groove, at the bottom of 
which the oytostome is situated. Cytopharynx absent. The 
borders aje uniformly ciliated. Csrtoplasm colourless and more 
or less vacuolated. Contractile vacuole single, postero- 
terminal, and a few small non- contractile vesicles arranged 
along the dorsal border. Two spherical macronuclei with 
mieronuoleus lying close behind each. 

DimeTisions. — ^Length from 130 to 170 /i. 

Semarks. — ^This species has some resemblance to L. magmis 
Stokes (as described by Kahl), from which it differs, however, 
by its smaller size, proportionately narrower body, number and 
structure of the macronuclei and the possession of a definite 
contractile vacuole, which was observed to contract after long 
intervals. The dimensions ofL. magmis are given as 4:00-600 fi, 
but our specimens did not exceed 170 ju.. 

Habitat. — ^Pond water : Kashmie, Srinagar. 

58. Loxodes punjabensis, sp. nov. (Mg. 48.) 

^Loxodes rostrum, Bhatia (not O. F. Mull.), 1920, p. 260. 

Body flexible, flattened, highly vacuolated ; the anterior 
extremity curved shghtly ventralwards and terminating in 
a, beak-lUse projection ; along the ventral border of the beak 
is a slit-Uke cytostome ; oytopharynx absent ; the posterior 
extremity is also bent slightly in the same direction as the 
anterior end. Contractile vacuole single with a row of much 
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smaller non-contractile vacuoles along one border of the body. 
Maoronuolei many, -with laterally attached micromiclei. 
Ammalcules swim evenly or rotate on their axis and creep over 
foreign objects. 

Dmensions. — ^Length up to 150 /i. 

Remarks. — Specimens found at Lahore were originally 
wrongly referred to Loxodes rostrum, Loxodes rostrum (0. F. 
Mtiller) is shown by Roux as possessing numerous macronuolei. 



Fig. 47. 



Fig. 49. 




, 47. — Loxodes hc^mdiwri Bh. & M. (After Bhatia and MiJlick.) 
. 48. — Loxodes puiyabensia, sp. nov. c.v., contractile vacuole ; 
m, oytostome ; J^^, macronuclsi; », micronucleus ; F, non- 
contractile vacuoles. 
Fig. 49. — Loxodes slruOua (Engelm.). Two somewhat larger spherical 
bodies are roaoronnclei, and the other five are statoblasts. 
(After Kahl.) 

and by Kahl as possessing only two macronuclei with a micro- 
nucleus situated between them. Kahl's description and figure 
of Loxodes magnus Stokes resemble very closely those given 
by Boux for L. rostrum ; and he thinks this form has been 
wrongly designated as L. rostrum by other authors as well. 
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My form differs from L. rostrum (0. F. Miill.) (as described by 
Kahl) ia possessing many macronuclei, one oontraetile and 
many non-contraotile vacuoles, and in the absence of the cjrto- 
pharynx: and the margiaal setae. It shows some resemblance 
to L. magnus Stokes (as described by Kahl), but differs from 
it in (1) a smaller size and greater proportional width, (2) the 
presence of a single contractile and a number of non-contractile 
vacuoles, and (3) the absence of ej^opharynx and the marginal 
setse. The size of L. magnus is stated to be 400-600;n. My 
specimens measured 126-150 ju. in length and 4Ar-QZfi in width. 
Elahl (1930-h5) has enumerated and distinguished in this genus 
four species and two new varieties of L. magnus. The present 
form differs from them all : it is, therefore, now recognized 
as a distinct species. 

In the forms that came under my observation the body was 
flexible, but persistent in form and flattened. In addition 
to the characters noted above, the margiaal cilia were short, 
fine and close-set, and there were no marginal setss or spines. 
The oUia bordering the adoral groove were somewhat larger 
than the marginal dlia The oytostome measured 32/x in one 
specimen and 42/t in another — ^that is, about one-fourth of 
the entire length of the body. The surface of the body did 
not show any longitudinal striations, but the deeper layer was 
longitudinally fuxrowed. The endoplasm was granular and 
vacuolated, and numerous chloroplasts were scattered in it ; 
the colour of the part of the body that was free from them 
was greyish. 

The single contractfle vacuole was situated about the 
middle of the body, ajid numerous, very much smaller non- 
contraotile vesicles were ajranged in a row along the ventral 
border. 

The macronuclei were spherical, of the vesicular tj^pe, 
irregularly distributed in the posterior three-fourths of the 
body, and were not connected by any cord-hke filament or 
funiculus. The mioronucM were not detected. 
- Habitat. — ^Pond water : Punjab, Lahore. 



59. Loxodes strlatus (Engelmann). (Fig. 49.) 

Drepanostoma sbrUawm, EngelnnaiTin, 1862, pp. 382-3, pi. sxsi, 

fig. 7. 
Loxodes striatus, Penord, 1917, pp. 471-6, figs. 5-12 ; 1922, p. 79, 

fig. 83. 
^Loxodes sbnatua, Bliatia & MuUick, 1930, pp. 392-3. 
Loxodes {Drepcmogtoma) striahia, Kahl, 1930-5, p. 215, fig. 33, 3. 

Body elongated, lanceolate and colourless or brownish : 
fiexible, with its right surface slightly convex and marked 
with longitudinal lines, along which very fine cilia are evenly 
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distributed; the left siirfaoe is flattened and naked. Anterior 
end curved towards the ventral border. CjHrastome cleft-like 
along the curved anterior part. Along the dorsal border 
4 to 6 statoblasts are described by Penard. No contractile 
vacuole. Two spherical macronuclei, each provided with 
a strong nuclear membrane and a large centrally placed 
nucleolus. Two micronuelei are placed close to the nuclear 
membrane, attached to the posterior pole of the anterior 
and the anterior pole of the posterior macronuoleus. 

Dimensions. — ^Length up to 250 /t. 

Remarks. — ^The statoblasts described by Penard were not 
noticed, though a few non- contractile vacuoles were present 
along tiie dorsal border. The stiff tactile bristles described 
as occurring along the ventral border were also not present. 
The length of our specimens varied from 142 to 190 jot. 

Habitat. — ^Pond water : Kashmir, Srinagar. 



60. Loxodes sp. 

Loxodes sp., Simmons, 1891, p. 4. 
Habitai. — ^Pond water : BextgaIi, Calcutta. 



3. Tribe HTPOSTOMATA Sohewiakoff, 1896, 
emend. Kahl, 1931. 

Gymnostomatous CUiates ia which the oytostome lies in the 
ajiterior half of the flattened ventral surface ; the cytopharynx 
usually provided with a rod-apparatus. 

Identificaiicm Table of Families. 

1 (2). Ciliation. complete ; the dorsal surface may [p. 125, 

be somewhat more sparsely ciliated than the Nassulidsa Butscb., 
ventral 

2 (1). Ciliation incomplete, cilia absent from the 

dorsal surface, at the most only a few- 
bristles present 3. 

■3 (6). Eree-Kving forms 4. 

4 (5). No style fe>m the posterior end of the ventral [Clatis., p. 131. 

side ChlamydodontldaB 

5 (4). A style arising from the posterior end of the [& Lachm. 

ventral surface Dysterildad * Clap. 

6 (3). Parasitic forms on Amphiopods and Isopods ; 

enclosed in an imp^orate shell, the form 

segments into a number of tomites which 

escape and show a type of ciliature diSerent [Chat. & Lw. 

from the trophont PUlsuetoiidse*. 
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1. Family NASSULIDiE BxitschH, 1889. 

Body ciliated all over, the dorsal surface may be somewhat 
more sparsely oihated than the ventral. Cytostome situated 
in the anterior half of the flattened ventral surface. Cyto- 
pharynx almost always provided with a rod-apparatus. 

Key to Indian Genera. 

1 (2). The opening of the lod-apparatus lies 

deep at the base of aa. outer portion, 

the outer opening of which is narrowed [p. 1 25. 

by a second membrane Nassiixa Ehrgb., 

2(1). The opening of the rod-apparatus lies in 

the upper surface or at the bottona of a 

fiat depression, not opening to the 

outside 3. 

3 (4). The rod-apparatus opens in a strong 

depression, the anterior margin of which 

bears a membranous structure of ciha. 

Slender, oval, more or less flattened, 

snxall Infusoria, sonxetimes with striking [p. 128. 

triehocyst layer OyoLOGBAMMA Perty, 

4 (3). The rod-apparatus opens without a 

distinct depression m. the surface. 
Mostly distinctly flattened, without 
trichocysts 5. 

5 (6). The left margin of the body shows 

anteriorly no beak-like structure or a 

very weakly developed one. Opening [Blochm., p. 129. 

of the rod-apparatus median CwTTiOPOifTOPSis 

6 (6). The left margm of the body shows a dis- 

tinct projecting beak-hke structure 

in the neighbourhood of the mouth. 

The opening of the rod-apparatus [Bhatia, p. 130. 

directed to the right Obthodoneixa 



Genus NASSULA Ehrenberg, 1833. 

Nasstda, Ehrenberg, 1833, p. 303 ; 1838, p. 338 ; Dujardin, 1841, 
p. 494. 

Lioaiphon, Ehrenberg, 1853, pp. 186, 193. 

Nasaula, Clapar^de & Lachmann, 1858-61, p. 324 ; Fromentel 
1874, p. 168 ; Kent, 1880-2, p. 494 ; Btitsohli, 1887-9, p. 1694; 
Boux, 1901, p. 42; Hickson, 1903, pp. 397, 400; Minohin, 
1912, p. 430; Fenard, 1922, p. 85; Lepsi, 1926a, p. 36; 
Calkins, 1926, p. 404 ; Wenyon, 1926, p. 1176 ; Schoenichen, 
1927, p. 194; Eeichenow, 1929, p. 1173 ; ICahl, 1930-S, p. 216. 

Animaoules of medium size to very large. Body flexible 
and contractile, generally egg-shaped to elongated, mostly 
with distinctly flattened ventral and strongly bulging dorsal 
side, with both the anterior and the posterior ends rounded. 
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Cytostome situated on the ventral siirface of the body at 
some distance &oni the anterior end. From the cytostome 
a row of strong cirri usually extends to the back along a depres- 
sion of the body lying on the left side. CSlia uniform. Body 
striations faint and weakly spiral. Cytopharynx provided with 
well-developed rod-apparatus; the opening of the tubular 
rod-apparatus Hes at the base of an outer portion, the outer 
opening of which is narrowed by a second membrane. Anal 
aperture always terminal. Contractile vacuoles one or more ; 
when single usually in the middle region of the body, sometimes, 
however, up to four in number, lying partly on the dorsal 
and partly on the ventral side. Often with a complex covering 
of triohocysts. Macronucleus mostly spherical and central, 
rarely band-shaped ; with one or more micronuclei lying 
close by. The body is sometimes colourless, mostly, however, 
it is red, blue or brown. Feeds on Oscillaria and Diatoms, 
and the body is consequently found to contain red, blue 
or violet food- vacuoles. Cysts spherical. Locomotion uni- 
form and constant. 

Key to Indian Species. 

1. Body oval, without a fleadble anterior prolonga- 

tion ; cytophoiynx without rod-apparatus ; [p. 126. 

contrao^e vacuole central N. ambigua St., 

2. Body ovate, ■wdth a flexible anterior prolonga- 

tion ; cytopharynx with a rod-apparatus ; (Ehrbg.), p. 127. 

contractile vacuole posterior N. stramphii 



61. NassHla ambigua Stein. (Fig. 50.) 

Naamla ambigtia. Stein, 1854, pp. 248-9, pi. vi, figs. 43-4. 

lAosvphon ambiguiis. Stein, 1859 d, p. 72, fig. 88. 

Nassvla ambigva, Clapar&de & Laohmann, 1868-61, p. 329 ; Kent, 

1880-2, p. 496, pi. xxvi, fig. 41 ; Sohewiakofl, 1896, p. 236. 
fNaasula ambigua, Gulati, 1925, p. 748, pi. i, fig. 10. 
Nassvia cmAigva, Lepsi, 1926 a, p. 44, fig. 116; Schoeniohfin, 1927, 

p. 195, flg. 722 ; Kahl, 1930-6, p. 220. 

Body oval, rounded at both extremities ; about one 
and a half times as long as broad, evenly ciliate ; beautifully 
coloured with red and green particles. Cytopharynx a homy 
tube, ciliated anteriorly, and without rod-apparatus. Con- 
tractile vacuole single, spherical, central. Macronucleus 
rounded or oval. . 

Dimensions. — ^Up to 160 ju. in length. 

Remarks. — Gulati, who described this species from Lahore, 
gives the size as 80 /i by 50 /li and shows the macronucleus as 
rounded. 

Habitai. — ^Pools : Punjab, Lahore. 
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62. Nassula stramphii (Ehrenberg). (Fig. 51.) 

Liosiphon s^ampMi Ehreuberg, 1853, pp. 184-6, 193. 
Nassula stromphM Kent, 1880-2, p. 496. 
■\Nassiila stromphU Bhatia, 1916, p. 182. 

Body ovate, with a distinct large prolongation of the anterior 
region beyond the cytostome, anterior portion flexible ; 
colour green owing to the ingestion of algse as food-particles. 
CSlia imiform. Cytopharynx tubidar, with a cyliadrical fascicle 
of rod-like teeth. Contractile vacuole large, posteriorly 
situated, with pinkish contents*, with two or more smaller 
vacuoles irregularly distributed. Macronucleus oval, sub- 
central and eccentric. 



Fig. 61. 



Fig. 50. 



Fig. 62. 




Fig. 60. — Nasaida ambigua Steia. (After Gulati.) 

Fig. 51. — Nasaida sirmrvptm (Bhrbg.). c.i>, contractile vacuole ; m, 
cytostome ; N, nucleus ; os, cytopharynx. (After Bhatia.) 
Fig. 52. — OycLogramma rvbens Perty. (After Gulati.) 

Dimerisions. — ^Length 57/*, width 36/*. 

Mema/rhs. — ^The row of stronger cirri, extending from the 
mouth and so characteristio of the other species of the genus, 
is absent in this form. 

Sabitoit. — ^Ditch water : PmsrJAB, Lahore. 

63. Nassula sp. 

■\Nassula sp.. Carter, 185S. 
Habitat. — ^Fresh water : Bombay. 



* The pink tinge is probably apparent rather than real, and is 
a contrast effect of the green body. 
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Gentia CYCLOGRAMMA Perty, 1862. 

Cyclogramma, Perty, 1852, p. 146 ; Stein, 1869 d, p. 61. 

Acidophonca, Stein, 1839 a, p. 59. 

Nassvla (part), Clapar^do & Lachmann, 1858-61, p. 324; Kent, 

1880-2, p. 494 ; Butsehli, 1887-9, p. 1694 ; Boux, 1901, p. 42. 
Cyclogramma, Kahl, 1930-5, p. 224. 

Comprising a few small species, generally referred to 
Nassvla, and agreeing with that genus in form, pigmentation, 
trichooysts, position, and function of the centrally-sitnated 
vacuole. The structure of the cj^topharynx, however, is 
characteristic. The strong rod-apparatus opens into a pear- 
shaped depression on the ventral and left side. Along the 
anterior margin of the depression is a short row of small 
membranellse, which are recognizable with difSculty. The 
trichooysts are more strongly developed than iti Nassula. 



64. Cyclogramma rulens Perty. (Fig. 52.) 

Oyologrcmma rvhrnis, Perty, 1862, p. 146, pi. iv, fig. 10, a-g ; Stein, 

1859 d, pp. 61-2. 
Addophorus rubena. Stein, 1859 a, p. 69. 
Naasvia rubena, ClapaiMe & Lachniann, 1858-61, p. 330, pi. s:vii,. 

fig. 8; Kent, 1880-2, p. 495; SohewiakofE, 1896, p. 233; 

Koux, 1901, p. 43, pi. ii, fig. 13. 
f Nassvla rubens, Gulati, 1926, p. 747, pi. i, fig. 9. 
Nassula rubens, Schoenioben, 1927, p. 195, fig. 720. 
Oydogrcmma rubens, Kabl, 1930-5, p. 224, fig. 34, 24. 

Body elongate, cylindrical, three times as long as broad, 
equally rounded at both extremities, brick-red or rose-coloured. 
Preoral depression little developed, fomaing a membranoid 
structure in &ont of the cytopharynx. Cytopharynx slightly 
dilated anteriorly, with an armature of separate rod-like teeth. 
Triohocysts thick and abundant. Contractile vacuole single, 
spherical, subcentral. Macronuoleus large, spherical, with 
a number of chromatin masses. Mieronucleus small and 
roumded. Feeding on blue algse. 

Dimensions. — ^Length up to 90 /it,. 

Bemarka. — ^The form encountered by Gulati differed &om 
the above description in the ratio of the length to the width 
of the body. His specimens measured 90 /x, by 60 /t*, whereas 
the length recorded by other authors for this species is 50-75 /l*. 
Gulati shows the mieronucleus as lying near the pharyngeal 
tube, while Kahl shows it near the macronuoleus The slight 
preoral depression, described by Kahl, was not found by 
Gulati. 

Hdbitca. — ^Pond water : Punjab, Lahore. 
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Genus CHILODONTOPSIS Blochmaim, 1895. 

ChModontopsis, Blocfamami, 1895, p. 94 ; Bouz, 1901, 
SohcBniehen, 1927, pp. 194. 196 ; KaM, 1930-S, p. 225. 



p. 45; 



Strongly flattened, or ventrally flattened and dorsaUy 
^ghtly bulging, elongate, with colourless plasma. CSliated 
on both, surfaces. Rod-apparatus without anteriorly pro- 
longed tube ; cytostome with a weakly developed ring- 
shaped membrane. Mostly with postoral row of cilia extend- 
ing from the left side of the oytopharynx or right across the 
ventral surface (not forming composite structures as in Nassula) . 

Bemarks. — ^The genus is inteirmediate between Nassula, 
;which it resembles in ciliation sind the presence of a postoral 
row of cUia, and Chilodonella, which possesses a similar rod- 
apparatus and form and is also colourless. 



65. Chilodontopsis bengalensis (Ghosh). (Pig. 53.) 

■fChlamydodontopsis bengcdensia, Ghosh, 1921 a, p. 8, fig. 4. 
Chilodonella bengalensis, Kahl, 1930—5, p. 225. 

Body elongated oval ; anterior end slightly narrower and 
terminating in a point curved towards the left side ; posterior 



Fig. 53, 




Fig. 54. 




Fig. 53. — OhUodontopsis bengalensis (Ghosh). (After Ghosh.) 
Fig. 54. — Orthodonella bamerjeei (Ghosh). (After Ghosh.) 

end rounded. Body flattened on the ventral and convex 
on the dorsal surface. Cytostome on the ventral surface 
at one-fourth of the length of the body from the anterior end. 
Oytopharynx short and conical, with a rod-apparatus. Ciliary 
striations of the right side curve round to become continuous 
with those of the left side in front of the cytostome. An 

COL. K 



130 CIUOPHOBA. 

adoral row of stout cilia extending from the anterior beak to 
the cytostome. Contractile vactiole single, spherical, near the 
posterior end. Macronucleus oval, central or more posterioriy 
situated, ■with a single mioronucleus close to it. 

Dimensions. — ^Not recorded. 

Bemarka. — Ghosh has wrongly referred this species to 
CMamydodontopsis instead of Chilodonicypsis Blochm. Kahl 
is of the opinion that the form is probably referable to Chilo- 
drnidla. According to Ghosh, the species differs from Ch/ilo- 
dontopais depressa Perty in shape, shape of the csdjopharynx, 
character of the maoronucleus and the shape of the contractile 
vacuole. The maoronucleus is described and figured with 
a transverse septum in the middle What is described as 
a transverse septum is probably only a cleft, as described 
for OMlodcntopsis {Nassula) ohlonga, which species it closely 
resembles. 

Habitat. — ^Vegetable infusion : Bengal, Calcutta. 



Genus ORTHODONELLA (nom. nov.) 
(=Ob,thodon Gruber, 1884). 

OHhodon, Gruber, 1884, p. 524; Butsehli, 1887-9, p. 1695; 
CaUdiiB, 1926, p. 404 ; Lepsi, 1926 a, p. 36 ; Kahl, 1930-5, p. 228. 

Lanceolate or elongate-oval, dorso-ventrally flattened, with 
a more or less prominent beak-hke projection at the anterior 
end. Opening of the rod-apparatus directed to the right. 
Contractile vacuole single, postero-terminal or ia the middle 
of the body. Macronucleus oval, central ; mieronucleus 
lying close to it. 

BemarJiia. — ^As the name Orihodon is preoccupied for a genus 
of Pisces (C. F. Girard, 1856) I have altered it to Ortho- 
donella. 



66. Orthodonella banerjeei (Ghosh). (Pig. 54.) 

■\Orihodon bametyeei. Ghosh, 1921 a, pp. 8-9, fig. 6. 
Ojihodon baneiyeei, Kahl, 1030-5, p. 229. 

Body oval, narrowed anteriorly, broad and rounded pos- 
teriorly. Anterior end curved to a blunt beak towaords left 
side. Body flattened on the ventral and convex on the dorsal 
surface. QTtostome at one-fourth of the body-length from 
the anterior end. Cytopharynx: elongated, conical, with the 
posterior end bent forward. A rod-apparatus present. 
A few cilia at the extreme anterior margin of the body longer 
and stouter than those over the rest of the body. Contractile 
vacuole absent (?). Maoronucleus broadly oval, with a trans- 
verse partition in the middle, and situate in the posterior half 
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of the body. Microuucleus near the posterior end of the 
body. 

Dimensions. — Not recorded. 

RertMrlcs. — ^Kahl is of the opinion that this species also is 
a GhilodoTidla. As regards the presence or absence of cOia 
on the convex dorsal surface, the size of the organism, and the 
presence or absence of the contractile vacuole, the description 
given by Ghosh is incomplete. The cytopharynx is directed 
to the right in Orffiodonetla, but this is not so in the figure given 
by Ghosh. 

Habitat. — ^Tank water : Bengal, Calcutta. 



2. Family CHLAMYDODONTID.^ Glaus, 1874. 

Body not provided with cilia on the dorsal surface, at the 
most only a few bristles may be present. CiHa confined to the 
ventral surface. Cytostome situated in the anterior half of 
the ventral surface. Adoral cilia, when present, always as 
a feebly developed preoral membrane-like structure, never as 
a postoral row. Cytopharynx with a rod-apparatus. Pos- 
terior end of the ventral surface not provided with styles. 

Key to Indian Oenera. 

1, Ciliated ventral surface naxrowed to a strip, 

•wider anteriorly and pointed posteriorly ; 

the unoiliated dorsal surface extendmg [p. 131. 

inwards on both sides behind the mouth. . FsASOoiiOSOiir Stein, 

2. Ventral surface ciliated ; dorsal surface 

convex, anterior third or fourth and 

generally the lateral niBxgins free £roni 

this convexity ; dorsaJDly with a transverse 

row of bristles on the anterior flattened [p. 132. 

part ChuiODOITWTiTiA Strand, 



Genus PHASCOLODON Stein, 1859. 

Phascolodon, Stein, 1869 a, p. 2 ; 1859 d, p. 109 ; Kent, 1880-2, 
pp. 745-6 ; Butsobli, 1887-9. pp. 1697-8 ; Lepsi, 1926 o, p. 36 ; 
Sohoeniohfin, 1927, pp. 193, 198 ; Kahl, 1930-5, p. 232. 

Small to medium sized. Ventral surface longitudinally 
striated and ciliated, narrowed behind the mouth by extension 
on both sides of the dorsal uxtcUiated surface ; hinder end 
pointed. Cytostome in the anterior part of the ventral 
surface. Cytopharynx funnel-shaped, enclosing a bundle of 
rods. Contractile vacuoles two. Locomotion, swimming and. 
rotating on the long axis. 

e2 
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67. Phaseolodon sp. (Fig. 55.) 

fPhascolodon sp., Chaudlnm, 1929, p. S4, pi. ii, figs. 14, 15, 16. 





Pig. 55. — Phascolodon sp. (After ChaudhTiri.) 
HaiUca. — ^In soil : Ckzlos, Colombo. 



Genus CHILODONELLA Strand, 1926 
(=GBDDCiODOK Ehxenberg, 1833). 

CMMon, Ehrenberg, 1833, p. 287 ; 1838, p. 336 ; Dujardin, 1841, 
p. 490 ; Stein, 1859 <2, p. 110 ; OlaparMe & Lachmonn, 1858-61, 
p. 332 ; Kent, 1880-3, p. 746 ; ButscWi, 1887-9, pp. 1695-6 ; 
Roux, 1901, p. 46 ; Lepsi, 1926 o, p. 36 ; Calkins, 1926, p. 404. 

GhUodomOa, Strand, 1926, p. 31. 

GhOodon, Sohoenioben, 1927, pp. 194, 196. 

ChilodoneOa, KaM, 1930-5, pp. 234-5. 

Animalcules free-swioaming, small to medium-sized or 
"large, persistent in shape, but more or less flexible, subovate, 
strongly flattened dorso-ventrally. Anterior end produced 
-on the left side into a beak-like projection. The dorsal region 
convex, the ventral surface flat or slightly concave and with 
fine longitudinal striations. Posterior end broad, roimded, 
[only rarely pointed. Erom the cytostome a curved striation 
bearing somewhat thicker cilia or bristles extends to the 
beak. (Yfcostome median, in the anterior half of the body, 
foHowed by a straight or spirally curved cytopharynx, which is 
provided with fine well-developed rod-apparatus. Contractile 
vacuoles variable, either single, terminal, or median, or 2, 3, 
Tip to numerous, increasing in number with the size of the 
individual. Anal aperture postero-tetmiaal. Maoronucleus 
central, oval, showing characteristic structure ; micronucleus 
.single, \jiD% close to maoronucleus. Inhabiting salt and firesh 
water : Penard (1922) has recorded two species as ecto, 
conunensals on Asdhis or Gammarua, fireshwater Crustacea. 

Remarks. — ^The name of the genus has been altered by 
.Strand, as the name CMlodon is preoccupied, Ehrenberg having 
already (1831) given it to a genus of Mollusca. 
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Key to Indian Species. 

1 (2). Contractile vacuole single, cj^opharynx [p. 135. 

short aad straight O. rhesus (Ghosh.)> 

2 (1). Contractile vacuoles more than one .... 3. 

3 (4). Contractile vacuoles several, scattered. [Mull.), p. 133. 

Cytopharynx long'and straight C. eaovnuJ/us (O. F. 

4 (3). Contractile vacuoles three, largest pos- 

terior. Cytopharynx spirally curved [&MuU.), p. 135. 

behind C. apwaHdenHs (Bhatia. 



68. ChUodonella cueuUulus (O. F. MiiUer). (Fig. 56.) 

Kolpoda (MCidkis, MiSller, 1773, p. 58 ; 1786, p. 106, pi. xv, figs. 

7-11, p. 185, pi. xxvi, figs. 13-16. 
Loxodes ouozUHo, O. F. Muller, 1786, p. 106, pi. xv, figs. 12-15. 
Loxodea ououUuhia, Ehrenberg, 1830, pp. 42, 63, 56, 63, 78, pi. iv, 

fig. 3 ; 1831, pp. 109, 160. 
OhUodon cuDiMidiis, Ehrenberg, 1833, pp. 169, 174, 176, 287, 322, 

pi. ii, fig. 1 a-g ; 1837, pp. 164, 166 ; 1838, pp. 336-7, pi. xxxv,. 

fig. vi. 
Loxodea oueuLhdus, Dujardin, 1841, p. 451, pi. xiii, fig. 9. 
Loxodes oticiilUo, Duja.rdin, 1841, p. 452. 
OMlodon (yuouUiUus, Dujardin, 1841, p. 491, pi. vi, fig. 6 ; Stein, 

1854, pp. 126-38, 192, 242, 249, pi. iii, figs. 51-69 ; 1S59 d, 

pp. 110-14, pi. i, figs. 6-23 ; 1867, pp. 20, 41, 44, 49, 59-61, 

69, 70, 118. 
^ChModon moulhdzts. Carter, 1 856 6, pp. 128, 132, 248, pi. vii, figs. 82-3 
CMlodon ouoiMuhis Claparede & Lachmann, 1858-61, pp. 334-7 ; 

Engelmann, 1862, pp. 350, 368, 387, pi. xxviii, fig. 4 ; Kent, 

1880-2, pp. 746-7, pi. xlii.figs. 16-22 ; ButsohU, 1887-9, pp. 1695-6, 

pi. Ix, fig. 8, pi. Ixi, fig. 1 ; Sohewiakofi, 1893, p. 40 ; 1896, 

p. 245, pi. iii, fig. 73, pi. vii, fig. 199 ; Boux, 1901, pp. 46-7, 

pi. ii, fig. 16. 
^OMlodon steini, Bhatia, 1922, p. 30. 
Ohilodon oiuiuUatua, HoUis, 1922, pp. 3-7, figs. 1-5. 
ChUodon ouenMulus, Penard, 1922, pp. 90-2, figs. 94, 95. 
fOhilodon ououllus, Gulati, 1925, p. 748, pi. i, fig. 11. 
CMlodon ououMukis, Lepsi, 192&a, p. 46, fig. 128 ; Wenyon, 1926, 

p. 1176, fig. 496 ; Schoenifihen, 1927, p. 197, pi. xii, fig. 20 ; 

Reiohenow, 1929. pp. 276, 277, 358, 1173, fig. 307. 
■fChilodon muyiMUkis, Bhatia & MulUck, 1930, p. 394. 
ChUodonella ouoidhdus, Kabl, 1930-5, p. 235, fig. 38, 1-3. 

Body a/Sym metrical, dorso-ventrally flattened, elongate, 
elHptioal, deformable. Anterior extremity produced into 
a lamellar beak-like projection, curving towards the left. 
Posterior end of the body rounded. Ventral surface flattened 
and bearing longitudinal ciliary lines, those on the right 
half curved and running on to the beak, those on the left half 
running straight. Dorsal surface convex. Cytostome ventral, 
situated in the anterior third of the body. Cytopharynx 
straight, wider anteriorly and narrowing posteriorly, con- 
taining a number of longitudinal rods. From the anterior 
end of the cytopharynx a line of bristles extends to the beak. 
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Contractile vacuoles numerous. Macronucleus oval, with a 
smaJl micTonucleus close to it. 

DiTnensians. — ^Length 130-160 ju,, sometimes up to 300 /u.. 

Remarks. — Specimens found at Lahore -vrere much smaller 
than the size usually given for the species, an average specimen 
measuring only 90/u. by 42/i. The body was strongly asym- 
metrical, flattened and flexible, and the animal moved with 
a ghding and undulating movement. The longitudinal 
striations were fine but well marked, and the cUiation was 
fine and close. The oblique line of bristles, which generally 
extends firom the beak to the cytopharynx, was not present in 
the specimens that came imder my observation. Numerous 
small vesioulse were distributed in all parts of the body, 
including the beak. The macronucleus was large, oval and 



Kg. 56. 



Fig. 67. 



Fig. 58. 




Fig. 56. — OhUodonetta oubMuIus (O. F. MuQ.). A, anus; B, oytostome ; 
CV, oontraotae vacuole ; Ma, Maoronuolsus ; Mi, roioro- 
nuoIfiUB ; ph, (ytopharynx. (AfterBous:.) 
Fig. 67. — Chihdonella rheatts (Ghosili). (After Ghosh.) 
Fig. 58. — OhUodoneUa apiraUdenUa (Bh. & Mull.). (After Bhatia and 
MulUok.) 

flnely granular, containing a large central vesicular body. 
The mioronucleus could not be made out. The body did not 
contain any diatoms, but round, disc-shaped or oval green 
aJgse. In 1922 1 referred the form to G. steini, but that species 
is now generally merged into C. cuoulhdua. 

Specimens found by Bhatia and MuUick at Srinagar 
(Kashmir) also measured about 90/* in length. Contractile 
vacuoles were three in number, two being in the middle, and 
the third, which was largest, postero-terminal. The large 
oval macronucleus shows a oharaoteristic structure in per- 
manent preparations. There is a narrow compact layer of 
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nucleoplasm extending along the nuclear membrane. There 
is a large spherical nucleolus, surrounded by chromatin 
granules, which are speoiaUy aggregated on two sides of the 
nucleolus like two caps. 

Habitxct. — ^Pond water : Kashmir, Srinagar ; Pttitjab, La- 
hore ; Bombay, Bombay. 



69. Cliilodonella rhesus (Ghosh). (Fig. 57.) 

^Ohilodon sp., Knowles, 1928, p. 522. 

iOhilodon rhesus, Ghosh, 1929 6, pp. 15-16, fig. 1. 

Body flattened and elongately ovate, length less than twice 
the breadth, widest behind the middle. Aaterior end some- 
what tapering, rounded, and slightly bent to the left. Dorsal 
surface convex, ventral surface flattened and ciliated ; no 
dorsal row of cilia. Cilia longest in the anterior portion. 
Cytostome circular and situated towards the left side at 
one-fourth or one-fifth of the body-length from the anterior 
end. Cytophaorynx short, truncate, and directed towards 
the left, with a distinct rod-apparatus. Ectoplasm thick ; 
endoplasm coarsely granular. Contractile vacuole spherical 
and postero-terminal. Macronucleus large, oval, central or 
somewhat behind the middle. The macronucleus consists of 
a large clear area, with a small mass of chromatin in the 
centre, the clear area being surrotmded by dense chromatin 
granules which fill up the rest of the macronucleus. Micro- 
nucleus not detected. Intestinal parasite. 

Dimenaiona. — ^Length 50-65/4, width 26-42 jtt. 

Remarks. — ^The species differs from others in the absence of 
an adoral row of cilia, in its short pharynx, and a very short and 
straight rod-apparatus. 

HaMtat. — ^In the intestine of the common Bengal monkey, 
Macaous rhesus : BekgaIj, Calcutta. 



70. Chllodonella spiraUdentis (Bhatia & Mulliok). (Fig. 58.) 
■\Ohilodon spiraUdentis, Bhatia & Mullick, 1930, pp. 394r-5, fig. 2, 

Body flattened, oval, nearly twice as long as broad. Dorsal 
surface convex, ventral surface flat and uniformly ciliated. 
Cilia arranged along parallel lines, which run straight in the 
left half and curve round to the anterior end in the right half 
of the body. Anterior extremity of the body produced into 
a flattened beak slightly oxursing to the lefb. Cytostome 
situated some distance behind the anterior end, followed by a 
cytopharynx which is wider in front and the narrow portion of 
which is spirally curved. Cytoplasm vacuolated. Contraotile 
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vaouolea three, .tihe largest near the posterior end. Macro- 
nucleus somewhat oval and surrounded by a clear space. The 
nuclear membrane has a wavy zone of nucleoplasm adhering to 
it all round. There is a large, centrally placed nucleolus with 
a dark central karyosome. Chromatin granules axe compactly 
arranged in two masses on the anterior and posterior sides of 
the nucleolus and less densely laterally. 

Dimenskms. — ^Length 97^. 

Remarks. — ^The movement is usually gliding, but sometimes 
the animal swims forward and rotates on its axis. The length 
of the animal is 97/* and the maximum width 53/4. 

The species, as defined above, shows some resemblance 
to C. (yucuUidus (Miiller) and C. uncinahis (Ehrbg.). It 
resembles 0. cucidhil'us in the arrangement of the cihajy lines 
and the structure of the nucleus, but differs frbm it in the 
form of the cytopharynx, which is spirally curved. It 
resembles C. uTicinaius in having the cytopharynx spirally 
curved, but differs from that species in the structure of the 
nucleus, the number and disposition of the contractile vacuoles, 
and its larger size. 

Hdbitat. — Pond water : KIashmie, Srinagar. 



71. Chilodonella sp. 

^CMlodon sp., Chaudhuri, 1929, p. 64, pL iii, fig. 7. 

Bemarks. — Chaudhuri gives no description, and the organism 
cannot be identified from the rather crude diagram given by 
him. 

Habitat. — Soils : Bbngal, Sibpore ; Central Istdia, Indore. 

72. Chilodonella sp. 

^OJiModon sp., Simmons, 1889, p. 4. 
Habitat. — Pond water : Bengai, Calcutta. 
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2. Suborder TRIGH08T0MATA Blitschli, 
emend. Kahl. 

HoLOTRicHA with body usually covered entirely -with cilia. 
A well-developed peristomial depression or groove, the surface 
of which is ciliated, leads to the cytostome, and causes a spiral 
twisting of the body. Cytostome is kept permanently open 
and the food is brought in by a whirlpool. Cytopharynx 
tubular, not containing a rod-apparatus. Both the cytostome 
and the cytopharynx, are provided with specially thickened 
cilia, which are not united to form membranes but help 
to direct the current, containing food particles, down the 
cj^pharynx. 

R&mxi/rks. — ^Butsehli used the term Tbichostomata to 
include all groups of Ctliata other than the Gxmktostojsiata. 
He divided the order Triohostomata into the suborders 
AspiEOXEiOHA (including all the Holoteiobia except Gvmno- 
stoma) and Spibotrioha (including Hbtbeoteioha, Oligo- 
TEiOHA, Hypotrioha and Pbbitbicha). Calkins (1926) 
applied the term Tbiohostomina to those Holoteicha 
in which there is always a ciliated peristomial groove and 
special cilia, which may be firee or united to form membranes, 
in the ojrtostome or the cytopharynx. This group had been 
previously designated as Hymbnostomata by Delage and 
H^rouard (1896), Schewiakoff (1896), Hickson (1901) and 
Minchin (1912). Kahl (1926, 1930-6) still farther restricted 
the term Teichqstgmata to a suborder of Holoteicha in 
which there is a ciliated peristomial groove and the oral and 
pharyngeal dlia are not united to form membranes, and lie 
also restricted the term Hymeitostomata to those in which 
the oral and pharyngeal cilia are united to form membranes. 
Eeichenow (1929) has followed Kahl in this usage of these 
terms. 

Id&niificaiion Table of Families. 
A. Fresh-water : 

1 (2). Small, ovoid Infusoria, with a ciliated 
periatoniial groove, whicK surrounds 
half of the anterior end, and a pro- 
jection provided with brtetles extend- 
ing beyond it. They secret© a delicate 
gelatinous test ; swim backwards , . . Maryoids * Poohe. 

2. (1). Other forms, building no test 3. 

3 (4). Small, generally strongly flattened 
laterally, with delicate, coat-of-mail- 
like p^cle. Cilia sparse, particu- 
larly on the right flattened side, 
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where they form a semieiroular or 

sickle-shaped iminterrupted dorsal 

keel, and 2-9 interrupted rows on the 

plane surface. Cytostome on the eom- 

pressed ventral surface, membranoid 

struoturee generaJlyreoognizable with [p. 153. 

difficulty. Two contractile vacuoles. Tlichopelmidsa Kahl, 

4 (3). Other forms, differently ciliated 5. 

5 (6) . Small to very small Infiisoria with long 

tail-Uke process ; the body cilia [Kahl). 

occupy only the anterior half in 3-4 [( = SeIadostO]nid9B* 

transverse spirals TrimyemidSB* Kahl 

6 (5). Without a tail-like process and diffe- 

rently ciliated 7. 

7 (10). A zone of special cilia extends spirally 

from the mouth to the hinder end . . 8. 

8 (9). Spiral zone extends from the anterior 

right to the posterior left (optical). . . Spirozonldse* Kahl. 

9 (8). Spiral zone extends from the anterior 

left to the posterior right (optical) . . TrIehOSpMdSB * Kahl. 

10 (7). Without special spiral row 11. 

11 (12). On. the ventral side a ciliated trans- _ [p. 139. 

verse groove runs to the cytostome. . PlagiopylidSB Sohew., 

12 (11). Without ventral transverse groove ... 13. 

13 (14). Cytostome in the first fourth ia a 

shallow oval longitudinal groove, 
the walls of which are provided with 
uniformly thick cSia Clatlirostomidse* Blahl. 

14 (13). Cytostome deepened in a funnel-like 

manner 15. 

15 (16). From the anterior end a broad peri- 

stomial groove runs backwards and to 

the right up to the middle of the body, 

at the bottom of which lies the charac- 

teristio oral funnel (vestibule). Oral [p. 145. 

fixnnel with a strong ciliary field Parameclidse Kent, 

16 (15). Without a depression extending back- 

wards from the anterior end 17. 

17. Oralfunnelwithtunnel-shapedpassage, 
with a ciliary field at the lower and 
another at the upper side of the funnel. 

Free-living, mosHy moss-inhabiting [p. 141. 

forms ColpodidSB Poohe, 

Inoertm eedia : 

1. Form oval or lanceolate, strongly 

flattened, posteriorly drawn out. 

Cytostome a very short ciliated groove [Mewlsen. 

near the anterior end EntorhipidiidSB'" 

2. Form obovate, with a posterior bunch 

of gelatinous threads fiiring the body 

to the substratimi, and with a stiff 

bristle arising firom the posterior end 

of the body. Osrtostome in the centre [( = Centiostomatids *). 

of the ventral surface Lagenellldse * Grand. 

3. Form elongate, very contractile. 

Cytostome a long, simple, and narrow 
groove, lying along the ventral margin 
near the anterior end Geleiidae * Kahl. 
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B. ParasiUe: 

1 (6). Entire body covered with oilia 2. 

2 (3). Cytostome ventral, connected by a 

groove with the anterior end, or 

numerous small cytostomes along the [Chatk. & Par.), 

whole length of the groove ; parasites [( = NleollelUda * 

of mammals PycnotlirlcMdse* Foohe 

3 (2). Cytostome ventral, not connected by 

a groove with the anterior end 4. 

4 (5). Csrtogtome ventral, near the posterior 

end ; concretion vacuole absent ; [p. 156. 

parasites in the stomach of nuninants. Isotrlchldae Biitsch., 
■5 (4). CjfBtostomial groove on the ventral 

surface between it and the anterior 

end of the body is a frontal field 

covered with longer cilia ; concretion 

vacuole present ; parasites in the [da Cunha 

oeecum of horse ParaisotrieUdse * 

'6 (1). Cilia over certain regions of the body 

only 7. 

7 (8). Peristome occupies entire anterior end ; 

cilia limited to the peristoiuial field 

and adjacent part of the body ; para- [da Cunha. 

sites in the csecum of guinea-pigs . . . Cyathodinlds * 

8 (7). Cytostome not terminal ; tufts of cilia 

above and below cytostome and in 

posterior anal region ; parasites in [Hsiung, p. 160. 

the stomach of ruminants Blepharocorids 

* In addition to the families eniunerated above, Protohallid» 
-da Cunha & Mimiz (1927) and Suldgeridse Gajewskaja (1933) may be 
mentioned, each based on a single species. 



1. Family PLAGIOPYLIDiE SchewiakofE, 1896. 

Dorso-ventrally flattened, oval to ovoidal forms. Without 
a. tafl-like process of the body and without a spebial spiral 
zone of cilia. On the ventral side of the body a oilto-ted 
groove runs transversely across to the cytostome. Cytostome 
followed by a short ciliated oytopharynx. 



Genus PLA6I0PTLA Stein, 1860. 

Plagiopyla, Stein, 1860 a, pp. 67, 58-9 ; Kent, 1880-2, p. 538 ; 
Butsohli, 1887-9, p. 1704 ; Rous, 1901, p. 76 ; Penard, 1922, 
p. 186 ; Iiepsi, 1926a, p. 51 ; Calkins, 1926, p. 406 ; Schoenichen, 
1927, p. 219 ; KahJ, 1930-5, p. 264. 

Body elongated oval, flattened. On the anterior fourth 
of the ventral surface a peristomial groove runs transversely 
across from the right margin of the body, and is provided 
along both margins with Sucker cilia, which are, however, 
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not tmited to form membranelles. At its end is the cytostomp, 
followed by a short ciliated cytopharynx. Maoronucleua 
rotmded, with a small rounded mioronucleus close to it. 



73. Plagiopyla (?) carter! Kent. (Eig. 59.) 

fPlagiopyla (?) oarteri, Kent, 1880-2, p. 538, pi. xxvi, fig. 69. 

Body elliptical, oyUndrioal, equally rounded at the two 
extremities, about twice as long as broad. Cytostome nearly 
inid-way between the centre and the anterior extremity 
of the body, enclosing a minute, lunate, undulating membrane, 
followed by a conicaUy-poiated tubular cytopharsmx ; anal 
aperture lateral, on the same surface as the mouth, but 
nearer the posterior extremity. Outicular ciHa short, disposed 
in even longitudinal rows. Contractile vacuole lateral, 
subcentral. Macronucleus undetermiued. 

DimeTisions. — ^Length 200 /;t. 




a/i^ 



I"ig. 59. — Plagiopyla (?) carteri Kent, an, anal aperture. 
(After Kent.) 

Be/marks. -^The form figured and briefly described by 
H. J. Carter in his manuscript notes under the title of Para- 
mcecium ? was described as a new species by Kent, and was 
tentatively referred to Plagiopyla. It does not, however, 
seem to belong to this genus, as there is no peristomial groove 
running transversely across from the right margin of the body. 
Further, the oj^pharynx as figured does not show any cilia, 
but a lunate membrane. Kent himself was doubtful and 
thought that the form would perhaps be more rightly referred 
to the genus Ophryogl&na. But in my opinion the form 
cannot even be referred to Ophryoglena, as the charaoteristie 
deeply-sunk oral groove is wanting. 

Hahitat.' — ^Fresh water : Bombay, Bombay. 
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2. Family COLPODIDiE Poche, 1913, emend. 
Kahl, 1926. 

The body cilia run in rows arranged in a concentric manner 
round the convex oral margin on the ventral surface and 
diagonally on the dorsal surface. Body is -without a depression 
extending backwards from the anterior end. A funnel- 
shaped groove, in the anterior half of the body, rims across 
one of the surfaces of the body. Both upper and lower sides 
of the funnel bear ciKary fields. These oiha are (according 
to Kahl) not united into membranes. Cytostome followed 
by a short cjrtopharynx leading to a food vacuole. Alveolar 
layer of the ectoplasm always contains short trichocysts or 
triehocyst-like, round, shining bodies. Contractile vacuole 
single, posterior. Macronuoleus spherical or slightly oval 
a^nd contains a nucleolus. 



Genus COLPODA 0. F. MuHer, 1773. 

Kolpoda, Muller, 1773, pp. 66-7. 

Oolpoda, Gmelin, 1791, p. 3894 ; Ehrenberg, 1838, p. 346. 

Kolpoda (part), Dvijardin, 1841, p. 478. 

Col^oda, ClaparMe & Laohmann, 1858-60, p. 270 ; Kent, 1880-2, 
p. 512 ; Ehijmblor, 1888, pp. 549-601 ; Butschli, 1887-9, p. 1707 ; 
Sohewiakofi, 1896, p. 306; Roux, 1901, p. 57; Enriques, 
1908 a, p. 272, 1908 6, pp. i-srv ; Calkins, 1926, p. 406 ; Lepsi, 
19260, p. 53 ; Sohoeniohen, 1927, p. 207 ; Sandon, 1927, p. 183 ; 
Kahl. 1930-5, p. 273. 

Body kidney-shaped, lateraUy flattened. Dorsal surface 
strongly convex, ventral plaia or convex, provided with a deep 
depression in the anterior part or in the middle. Anterior 
end rounded, twisted from left to right and curved on the 
ventral face. Posterior end uniformly enlarged and rounded. 
Cilia long, fine, and closely arranged in longitudinal rows. 
Cjrtostome in the ventral depression, oval, ustially described as 
provided with an undulatiog membrane. Cytopharynx absent 
or rudimentary, described by Roux as short, curved and pro- 
vided with a narrow undulating membrane. According to 
Kahl undulating membranes, as also the lip-like projection 
described by Enriques, are absent, these investigators having 
wrongly interpreted the projecting marginal cilia as such. 
Anus posterior. Contractile vacuole single, posterior. Macro- 
nucleus variable in form. The organism divides after encyst- 
ment into two or four daughter organisms. Locomotion 
rapid, with changes of aspect. Feeding on bacteria. 
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Key to Indian Species. 

8 to 10 frontal dentations, mausronucleus with [p. 142. 

lobate karyosome O. ottoulliis O. F. Miill., 

6 to 7 fivjntal dentations, maoronuoleus with [p. 143. 

lobate karyosome C. maupasi Bnriques, 

6 to 7 frontal dentations, maoronueleus with _ [p. 144. 

non-lobate karyosome C. steinU Maupas, 



74. Colpoda eucuDus 0. P. MtOler. (Fig. 60.) 

Kolpoda ouoiMua, O. P. Mflller, 1773, p. 68 j 1786, p. 102, pi. xiv, 

figs. 7-14. 
CoVpoda euouUtis, Ehronberg, 1838, pp. 347-8, pi. xxjdx, flg. 5. 
Ko^oda cuoullm, Dujaardin, 1841, pp. 479-81, pi. iv, fig. 29; 

pi. xiv, flg. 5 (1). 
CoVpoda oucuUus, Stein, 1854 d, pp. 15-26, 34-6, 131, 204, pi. iii, 
figs. 1-31 ; 1867, p. 48 ; Claparftde & Laohmann, 1858-60, p. 270 ; 
Kent, 1880-2, pp. 512-3, pi. xxvii, figs. 19-23 ; Maupas, 1883, 
pp. 430-6, pi. xix, figs. 1-6; Rhiimbler, 1888, pp. 649-601, 
pi. xsxvi, figs. 1-67 ; BiitsdhK, 188.7-9, p. 1707, pi. Isdi, fi«. 7 ; 
Sohewiakofi, 1893, p. 48 ; 1896, p. 307, pi. iv, flg. 111. 
■fOolpoda cuoidlua, Daday, 1898, p. 8. 
OoVpoda cueidlua, Boiiz, 1901, p. 68, pi. iii, fig. 11 ; Enriques, 
1908 6, pp. vi-vii, figs. 1, 2. 
^Colpoda ciuyMus, Bhatia, 1916, p. 182 : Ohosb, 1921 a, p. 9, fig. 6 ; 
Qulati, 1925, p. 749, pi. ii, flg. 16. 
Colpoda cuctMua, Lepsi, 1926 o, p. 62, flgs. 216-19 ; Wenyon, 1926, 
p. 1179, flg. 498 ; Sohoeniohen, 1927, p. 207, pi. xii, flg. 32. 
■fColpoda euaiihia, Sandon, 1927, p. 183, pi. vi, fig. 1 ; Hadhava 
Bao, 1928, p. 114, pi. iii, fig. 4 ; Chaudhnri, 1929, p. 60, pi. ii, 
flgs. 10, 11, 12. 
Oolpoda oucuMus, Belchenow, 1929, pp. 1176-6, 1187, fig. 1159 ; 
Kahl, 1930-5, p. 277, fig. 47, 1-3. 

Body strongly Mdney-shaped, mth a well-marked depression, 
tlie ventral side with strong furrows which give the anterior 
end a curved appearance. iProntal dentations 8 to 10. Colour 
yellowish or brown owing to large number of food-vaouoles 
being filled with algse. Cytopharynx absent, or short and 
curved. Cilia of the oral region projecting in a tuffc-Hke manner. 
Contractile vacuole large, single, posterior. Macronncleus 
oval, central, with a lobed karyosome. Reproduction occurs 
in cysts, and just before exoystation cysts contain two or 
four individuals actively rotating. 

Dimensions. — ^Length very various, from 40-120 /*, average 
80 11,. Cysts on an average about 35 {« in diameter. 

Remarks. — G. ciimdhis is one of the commonest soU Ciliates. 
It is larger than the two other species, and the part behind 
the mouth is very swollen and almost globular. Reproduction 
offcen occurs in the cysts, which are about 35ju in diameter. 

Habitat. — ^In soil : Kashmeb, Punjab, Surp, Bombat, My- 
soBB, MIajjeas, Htdbbabad, Cestbal Provinobs, United 
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PEOvnsrcBS, Oeissa, Bengal, Assam, and Burma. In 
vegetable infusions : PtrNjAB, Lahore, and Bengal, Calcutta. 
In fresh water : Ceylon. 



Fig. 60. 



Fig. 61. 





Fig. 62. 



1. ■-l-^^K,'vS5P*■-''"' 



Fig. 60. — CoVpoda euoulhts 0. F. Mull. B, oytostome ; Ma, maero- 

nucleus ; Mi, roieronuoleus ; M.O., undulating membrane ; 

ph, oytophaiynx ; V.A, food-vaouole ; V.C, contractile 

vacuole. (After Ecus.) 

Fig. 61. — Oohoda stemU Maupas. Lettering as in fig. 60. (After Eous.) 

Fig. 62. — 06t}poda mav^xiai Enriques. (After Sandon.) 




75. Colpoda maupasi Enriques. (Eig. 62.) 

CoVpoda mcmpaei, Enriques, 1908 6, pp. vii-xi, figs. 3-6, 9 ; Wanyon, 
1926, p. 1180. 
■^OoVpoda mav^>asi, Saudou, 1927, p. 183, pi. i, fig. 24, pi. vi, fig. 2, 
Ooljpoda maupasi, Kahl, 1930-5, p. 279, fig. 47, 12. 

Body oval and oylindrical, more elongated than C. stdnii, 
with the anterior end more rounded. IVontal dentations 
6 to 7. Left margin with smaU, but distinct, semiciroular 
excavation. Maoronueleus spherical, with a lobate karyosome, 
and with a mioronuoleus lying close to it. 

Dimensiom. — ^Length 35-70/i. Cysts smaller, about 15- 
20jii in diameter. 

Bemarks. — ^According to Enriques this species cannot be 
induced to conjugate readily like G. stemii. The 03rsts, 
which are smaller than in the other two species, are enclosed 
in a thick, structureless, mucilaginous outer layer, which 
is not so corrugated as the outer wall in the other species. 
In older cysts this outer layer condenses into a relatively 
thin and highly refringent wall. 

Habitat. — ^In soils : Bengal, Pusa, and Madras, Madras 
and Coimbatore. 
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76. Colpoda steinii Maupas. (Fig. 61.) 

OoVpoda steinii, Maupas, 1883, pp. 436-43, pi. xix, figs. 7-14 ; 
BiitsoUi, 1887-9, p. 1707, pi. Ixii, fig. 8; Sohewiakofl, 1896, 
p. 308, pi. iv, fig. 112 ; Boux, 1901, p. 58, pi. iii, fig. 12. 
Colpoda steird, Enriques, 1908 a, p. 272 ; 1908 6, pp. xi-xiii, figs. 6-8, 

10. 
Oolpoda steinii, Lepsi, 1926 a, p. 62, figs. 220-2. 
Colpoda steini,Weiiyoii, 1926, pp. 1179-80, fig. 498; Schcenichen, 
1927, p. 208, fig. 733. 
■fColpoda steinii, Samdon, 1927, p. 183, pi. vi, fig. 3. 
fCo^oda sfeini, MacUiava Eao, 1928, p. 114, pi. iv, fig. 3. 
fColpoda steinii, Chaiidlniri, 1929, p. 60, pi. ii, figs. 1-9, pi. iv, 
figs. 9j 12 ; Bhatia & MiiUiok, 1930, p. 395. 
Colpoda steini, Kahl, 1930-5, p. 279, fig. 47, 13, and p. 281, fig. 46, 14. 

Body oval and cylindrical, relatively more elongated than 
in the preceding species, anteriorly more narrowed. Frontal 
dentations 6 to 7. Ventral surface nearly flat. Posterior end 
less broad. Ventral depression less pronounced than in 
C cucvlbis. Colour deep grey. Cytostome situated at the 
bottom of the depression and followed by a short tubular 
c3rtopharyn3:. Large food vacuoles often present. Contractile 
vacuole single, in the posterior region of the body. Macro- 
nucleus central, spherical or oval, with a non-lobate karyosome, 
and with a micronucleus close to it. 

Dimensions. — ^Length 25-60 ju, width 9-16/*. Cysts smaller 
than in C. cucnUMs, being about 26ju. in diameter. 

Remarks. — C. steinii is also one of the commonest soil 
ciUates. It is smaller than O. ciicvMus, and is not inflated 
behind, so that the ventral surface is quite flat except for the 
notch which leads to the mouth. The anterior end is also 
more pointed than in C. cucvlhis. Reproduction taJtes place 
in cysts. The specimens found at Srinagar possessed a tufb 
of longer cilia at the posterior end of the body, and measured 
about 53/i in length. 

HaUtca. — ^In soil : Bbha.ii, Pusa ; Assam, Cinnamara ; 
Bombay, Poona ; Kotaka ; Madras, Coimbatore ; BtniMA, 
Hmawbi (Sandm) ; Mysoeb {Madhava Boo) ; N.W.P. 
Peovinob, Peshawar ; PmsfJAB, Ghora Gali, Lahore, Delhi ; 
Unitbd PEOvisrcBS, Dehxa Dun ; Bombay, Bombay, Dharwar ; 
Central India, Ihdore ; Central Provisoes, Nagpux ; 
Hyderabad ; Madras, Madras ; Btjbma, Rangoon ; Ceylon, 
Colombo {Ghmidhuri). In pond water : Kashmte, Srinagar. 



77. Colpoda sp. 

Colpoda sp., Enowles, 1927, p. 522. 
Habitat. — ^In cultures of Paramecium : Bengal, Calcutta. 
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3. Family PARAMECIID^ Kent, 1881, 
emend. Kahl, 1931. 

Body elongate and cigar-shaped or shorter aoid plumper, 
finely oiliate throughout, usually -with longer cilia at the 
posterior end. From the anterior end of the body a broad 
peristomial groove runs backwards and to the right, to the 
middle of the body. Cytostome at the bottom of the peri- 
stomial groove, followed by a fonnel-shaped cytopharynx. 
Oral funnel with a strong ciUary field, a row of very fine 
cilia being attached to the dorsal wall of the cytopharynx. 
Contractile vacuoles, usually two, with radiating canals. 
Macronucleus oval, with one, two, or numerous mioronuclei. 



Genus PARAMECIUM HiU, 1752, emend. Stein, 1860. 

Pairamsscmm, Hill, 1752 ; MuUer, 1773, p. 54. 

ParamecMi/m, Graelin, 1791, p. 3895 ; Rofinesque-Sohnxaltz, 1 814, 

p. 89 ; Bhrenberg, 1838, p. 349 ; Dujardin, 1841, p. 481 ; Clapa- 

r%de & Laohmaim, 1858-61, p. 263 ; Fromentel, 1876, p. 183. 
Pflsrow^CTOTO, Kent, 1880-2, p. 483 ; Biitsolili, 1887-9, pp. 1710-1, 

pi. bdii ; Sohewiakofe, 1896, p. 334. 
Parameavum, Roux:, 1901, p. 67 ; Woodruff, 1921 a, pp. 171-180 ; 

Calkins, 1926, p. 407 ; Weaiyon, 1926, pp. 1163, 1175. 
ParaTnsecAwm, li^si, 1926 a, p. 50; Sohoeniohen, 1927, p. 211 ;. 

Sandon, 1927, p. 185. 
Paramecium,, Weniich, 1928 6, pp. 273-82, pis. ssvi-xxvii. 
Param,seaiuin, Beiohenow, 1929, pp. 1175-7. 
Param^edum, Kahl, 1930-5, p. 289. 

Animalcules free-swimming, medium-sized to large, ovate 
or elongate, asymmetrical, more or less flexible but persistent 
in shape, finely oiliate throughout, usually with a group of 
longer cilia at the posterior end ; the cilia of the oral region 
not differing in size or character from those of the general 
surface of the body, a complete layer of trichoeysts abundantly 
developed. An oblique peristomial groove developed on the 
ventral surface, at the posterior extremity of which, at or 
about the middle of the ventral surface of the body and to the 
right of the median line, the cjixjstome is situated ; cyto- 
pharynx moderately long, with a row of very fine cilia attached 
to its dorsal wall ; a membranelle present according to some, 
absent according to others. One or more, commonly two, 
contractile vacuoles, usually with radiating canals. Macro- 
nucleus oval, central or subcentral, with one, two, or nmnerous 
micronuclei. One species coloured green owing to the presence 
of zoochlorellse. Locomotion quick and uniform, with frequent 
pauses, and sometimes rotating on its longitudinal axis- 
IVesh water or marine, very common. 

OIL. L 
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Bemarks.—Maier (1903), Minchin (1912), Liihe (1913), 
Bourne (1921) and various other authors described one or 
more undulating membranes attached to the dorsal waU of 
the oytopharynx. Bozler (1924), v. Gelei (1926-7) and Kahl 
(1936--5) showed that there are no undulating membranes, 
but only free cilia attached to the wall of the cytopharynx, 
thus necessitating the transfer of the genus from Hymeno- 
STOMATA to Tbiohostomata. More recently v. Gelei (1934) 
has published a thorough study of the detailed structure of 
the oytophajynx of Parameciwm, and comes to the conclusion 
that the oytopharynx consists of three sections, viz., the 
vestibule, tibe pharynx and the oesophagus. The first bears 
free ciUa, the second possesses membranes showing a character- 
istic HymenostomatouB structure, and the third part contains 
fibres or elements which can be compared with the rods in 
the guUet of Gymnostomata. On the strength of these 
observations, he remarks that Paramecium can neither be 
placed among Hymbsostomata nor among Tbiohostomata, 
but should be placed in a new suborder lying between the two, 
for which he proposes the name Teiohohymbnostomata. 

Woodruff (1921) pointed out that in this genus the species 
fall into two groups according to the shape of the body, 
namely : (a) The " avrelia group," with cigar-shaped bodies, 
round in cross-section and tapering to a point at the posterior 
end, and (6) the " buraaria group," broadly elliptical in cross- 
aection and rounded at the posterior end. In either group 
two types of micronuclear structure may be found, viz., 
(a) the " caudatum tjrpe," in which the micronucleus is a rela- 
tively large, rather compact mass of chromatin, and (6) the 
" aureUa type," in which the micronuclei are small and 
distinctly vesicular in organization. On the basis of these 
facts Wenrioh (1928) has recognized eight well-defined species, 
and he considers that no description of a species can be con- 
sidered complete unless it iacludes a description of the type 
and number of micronudei. 

Key to Indian Species. 

1 (4). Body cigar-shaped, widest neax or a little 

posteiior to the middle and tapexing 
towards both ends, but more pointed 
at the posterior end ; round in cross- 
section posterior to the c3rtoatoine; length 
usually more than three times the width . . 2. 

2 (3). Length uanially between 120 and 180 fi ; 

posterior end narrowed but less sharply 

pointed (about 90°) than in the other 

species ; two contractile vacuoles ; two [p. x47. 

small vesicular micronudei p. aurOia Ehrbe 

3 (2). Lengthoommonly between 200 and 300 fi ; 

posterior end more pointed than, in 
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P, aurelia ; normaUy two contractile 

vacuoles; single micronucleus relatively [p. ISO. 

large and compact P. cattdatum Ehrbg., 

4 (1). Body somewhat compressed dorso-vea- 

trally, roimded posteriorly ; usuaJly not 

more than three times as long as wide . . 5. 
5. Body usually containing sma.l1 green algee 

(zooohlorellie) ; usuaJly 120-160 fj, in 

length ; oyclosis relatively rapid ; single [p. 148. 

micronucleus relatively large and compact. P. bursaaia (Ehrbg.), 



78. Parameeium aurelia Ehrenberg. (Pig. 63, A & B.) 

Paramseoium aurelia, Ehrenberg, 1833, pp. 172, 176, 179, 323, 
pi. iii, fig. 1 ; 1838, pp. 350-1, pi. xxxix, fig. 6. 

Paramecitim aurelia, Dujardin, 1841, pp. 480-3, pi. viii, figs. 6, 6. 

Paramixcium aurelia, Stein, 1854, pp. 239-40, 240-3 s 1859 a, 
p. 58 ; 1859 d, pp. 52, 58. 61-2, 77, 78, 87, 97-101 ; 1861, p. 65 ; 
1867, pp. 9, 24, 31, 39, 41-4, 47, 48. 50, 53, 58-9, 65, 67, 7S-6, 
88-92, 95-9, 118-9, 121. 
^Paramecium a/ureUa, Carter, 18562), pp. 115-32, 221-49, pi. vi. 
figs. 65-9. 

Pa/ram,maiunn aurelia, Giapax^e & Lachmann, 1858-61, pp. 49-50, 
54^6, 263-5 ; vol. ii, pp. 199-200, 256, 269-61, 264, 291, pi. xi, 
figs. 8-17 ; Balbiani, 1860, pp. 1192-3 ; 1861, pi. rz, figs. 23, 24; 
Pritohard, 1861, p. 634, pi. xxv, figs. 329-32 ; Engelmann, 1862, 
pp. 349, 368, 387, 391; 1876, pp. 604-9; Fromentel, 1874, 
p. 296, pi. svi, fig. 8 ; Mereschkowsky, 1879, p. 254 ; Maiipas, 
1883, pp. 607-61, pi. XX, fig. 18, pi. xxi, figs. 14, 15 ; 1886 a, 
pp. 1569-72 ; 1886 6, pp. 482-4 ; 1888 a, p. 234, pi. x, fig. 12 ; 
1889, pp. 215-28, pis. xii, xiii, figs. 1-33 ; Schewiakoff, 1896, 
pp. 339-40, pi. V. fig. 126. 

Paramecium aurelia, Boux, 1901, p. 67, pi iv, fig. 3 ; WoodrufE, 
1911 6, pp. 223-37 ; Lepsi, 1926a, p. 58, fig. 229 ; Calkins, 1926, 
p. 541, fig. 226; Wenyon, 1926, pp. 55. 64, 114, 131, figs. 34 & 37; 
Sohoeniohen, 1927, p. 211, fig. 735 ; Wenrioh, 1928, p. 279, 
pi. xxxvi. fig. 3. 

ParamsBoivm anrelAa, Heichenow, 1929, p. 1177, figs. 1160 B & 1143. 

^Pa^amammi a/uareUa, Bhatia & Hullick, 1930, p. 396. 

Paramecwan av/relAa, Kahl, 1930-5, p. 291, fig. 48, 3, 4. 

Body elongated, eUipsoid, roimded at both extremities, 
posteriorly drawn iato a tapering but less poiated end, whicli 
is generally not provided -with the posterior tuft of cilia. 
CUia over the body uniform. Peristomial groove about 
two-thirds of the body, running obliquely. Trichocj^sts well 
developed. Contractile vacuoles two, with radiating canals, 
situated along the right border. Anus ventral, in the posterior 
part of the body. Macronucletis oval, with two small vesicular 
nncronuclei. Common in infusions and stagnant water. 

Dvmesn^wns. — ^Length 75-290/ti, usually between 120 and 
ISOjLt, width 15^0/i. 

Bemarks. — Smaller iu size and less pointed at the posterior 
■end than P. cauAatum. In specimens examined at Srinagar 

l2 
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and Lahore there was no tuft of longer oUia at the posterior 
end. In the stained preparations two vesicular micronuclei 
are seen, situated one on each side of the macronucleus. 

Habitat. — ^Fresh water : Kashmib, Srinager ; Punjab, 
Lahore ; Bombay, Bombay. 



coi^- 





I'ig. 63. — A. Paramedum, attrdia Bihrbg. a, anus ; al, alveolar layer ; 
o», contractile vacuole ; ccv, radiating canals ; exk, excretory 
graxiules; N, macronucletis ; n, micronndeus ; nv, food- 
vaouole ; o, cytostome 3 oe, oytopliaryns: ; P, peristomial 
groove; tr, trichooyBts. (After SohewiakofE.) B. Para- 
mecium, aureUa Ehrbg., showing micronuolear structure. 
(After Weurioh.) 



79. Paramecium bursaria (Ehrenberg) Pooke. (Fig. 64, A &B.) 

Loxodea tmrsaria, Ehrenberg, 1833, pp. 238-46, pi. iv, figs. 6-16 : 
1838, pp. 324r-6, pi. xxriv, fig. 3. r- . "s 

Pairameoium bursaria, B"ooke, 1836, pp. 786-7 ; 1843, p. 227. 

Loxodes bwrsaria, Cohn, 1851, pp. 260-78, pi. vii, figs. 1-6 ; 1854 6. 
pp. 422-8, pi. sxu, figs. 1-3. 

Parmneoiwn hwraana, Clapar^de & Laohmann, 1858-61, pp. 265-6 
344 ; vol. ii, pp. 193-7, 256, 266, pi. x, figs. 20-4 ; Stein, 1859 d, 
pp. 16, 43-4, 62, 67, 88, 97 ; 1867, pp. 41-4, 60, 63-5, 68-9, 
®^' !!?i ^\.^^~^' ^^' ^^' "8-19, 121; Engelmann, 1862, 
pp. 348-9, 368, 387, 391; 1876, pp. 609-11 f Kent, I88O-2I 
pp. 486-7, pi. xxvi, figs. 31, 32 ; BGtsohU, 1887-9, pp. 1710-11, 
pi. Isiii, figs. 2o-d, 3o, 6, A-g, 5o-c; Maupas, 1883, 
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pp. 607-61 i 1886 a, p. 1573 ; 1888 a, pp. 234^5, pi. xu, fig. 16 ; 
1889, pp. 224-38, pis. xiii, xiv, figs. 1-21 ; SohewiakofE, 1893, 
pp. 53-3 ; 1896, pp. 341-2, pi. v, fig. 128, pi. vii, fig. 204 ; 
Boux, 1901, p. 68, pi. iv, fig. 6 ; Hamburger, 1904, pp. 199-239, 
pis. vii-ix & 2 figs. ; Lepsi, 1926 a, p. 58, fig. 231 ; Calldns, 
1926, p. 385, fig. 170; Sohoeniohea. 1927, pp. 211-12, pi. xii, 
fig. 41 ; Wenrieh, 1928, p. 280, pi. Trs-sicvii, ifig. 5 ; Reiehenow, 
1929, p. 1177, fig. ]160c. 
■fParameomm bursaria, Bhatia & KuUick, 1930, p. 396. 
Parameimim hwrsaria, Kahl, 1930-5, p. 293, fig. 48, 13. 

Body oval, flat, little more than twice as long as broad ; 
rounded and wide posteriorly, narrowest and obKquely truncate 
at the anterior extremity. Peristomial groove flat, infundi- 
bulate, very wide anteriorly, extending obliquely backwards 



>. 



S.-^« 




'ui. fi- 




A. 

Pig. 64. — ^A. ParaTnedum Iwrsana (Ehrbg.). a, anus ; al, alveolar 
layer ; cw, contractile vacuole ; N, macronuoleus ; n, 
mioronuoleus ; o, oytostome ; oe, oytophaiyns: ; P, per- 
stomial groove ; p&, excretory pore ; tir, triohocyets ; 
Z, zoochlorellse. (After SchewiakoS.) B. ParamecAum bur- 
saria (Ehrbg.), lowing raicronuclear structure. (After 
Weniich.) 

from left to right to beyond the centre of the body. Oyto- 
stome situated at the posterior extremity of the groove, 
followed by a distinct cytopharynx. Trichocysts abundantly 
developed ; under the triohoeyst coat the cortical and endo- 
plasmic layers mostly coloured green owing to the presence of 
numerous zooohloreUae. Ccmtractile vacuoles two in number, 
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spherical or stellate. Aaal aperture postero-terminal. Macro- 
nucleus oval, ■with a simple, relatively large and compact 
micronucleus lyiag close to it. In marsh water, common 
among plants in standing water. 
Dmenswns. — ^Length 90-306/*, usually 120-160 jm. 
Memarks. — ^This species can be readUy recognized by its 
size (usually 120-160jU, in length), rounded posterior end, 
green colour due to the presence of numerous small green algae 
or zoochloreUae, and rapid cyclosis. In combination with these 
characters stainiog will show a relatively large single micro- 
nucleus of the cawSa^Mm- type, and thus make identity certain. 
The specimens found at Lahore were typical in every respect 
except that they were of a somewhat smaller size than is usual 
for this species. One specamen measured 84 ju by 40 u and 
another 95 ju by 42 [i. The body was oval and obliquely 
truncate anteriorly. The contractile vacuoles were two in 
number, spherical and without any radiating canals in some 
individuals and stellate in others. The macronucleus was 
kidney-shaped and the micronucleus was situated in the 
notch. 

The species was also commonly met with at Srinagar 
(Kashmir). The form was, as usual, dorso-ventraUy flattened 
and the posterior end rounded. Cytoplasm fuU of small 
green algae and showed rapid cyclosis. Peristomial groove 
rather small ia length as compared with the size of the animal. 
Macronucleus large, central, kidney-shaped. Micronucleus 
single, of massive type, and lying in the depression of the 
macronucleus. Some of the specimens were extraordinarily 
large, one measuring as much as 306 /* in length. 

Habitat. — ^In stagnant water : Kashmie, Srinagar ; Punjab, 
Lahore. 

80. Parameeium eaudatum Ehrenberg. (Fig. 65, A & B.) 

Paramsecvum cmreHa, 0. P. Mfiller, 1773, p., 54 ; 1786, p. 86, pi. xii, 

figs. 1-U. 
Parameoium (Mudatum, Ehreaberg, 1833, pp. 268, 323, pi. iii, 

fig. 2 ; 1838, pp. 351-2, pi. xxxiz, fig. 7 ; Dujardin, 1841, p. 483, 

pi. viii, fig. 7 ; Stein, 1867, p. 44. 
Paramedtmi, aureUa, Kent, 1880-2, pp. 483-6, pi. xsvi, figs. 28-30. 
Parameoium cattdtOwn, Maupas, 1886 a, p. 1672 ; 1886 b, pp. 482-4 ; 

1888 o, pp. 230-3, pi. x, figs. 10, 11; 1889, pp. 181-215, 

pis. bdii, figs. 1-64; Batschli, 1887-9, pp. 1710-11, pi. bdii, 

figs. 1 a-k, 3 c. 
Paramsicmm cavdatum, SohewiakoH, 1893, p. 62 ; 1894, pp. 39-56," 

pi. iii, figs. 1-8 ; 1896, pp. 340-1, pi. v, fig. 127 ; pi. vii, 

figs. 169-70, 187, 192, 202-3. 
Paramecium co«do*um, Boiix, 1901, p. 68, pi. iv, fig. 4 ; Schuberg, 

1905, pp. 70-2. 93-7, 102-4. 
Paramseoium cavdatium, Khainsky, 1911, pp. 1-60, pis. i-iii & 

2 tert-figs. 
Parameoiwn cavdai/wm, Woodrufl, 1911 6, pp. 223-37. 
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fParamsedum ccmdalum, Bhatia, 1916, p. 183 ; 1923, pp. 69-72. 
fParamcedum cattdatum, Ghosh, 1921 a, p. 10 ,- Thaptur & Chaudhiiry, 

1923, :pp. 64r-8. 
Parameoium oaudatum, Dembowski, 1023, pp. 25-54, pis. ii, iv, 
& 3 text-figs ; Bozler, 1924, pp. 163-215, pi. viii & 10 text-figs. ; 
Lepsi, 1926 a, p. 58, fig. 230 ; Calkins, 1926, pp. 53, 162, 496, 
figs. 21, 85, 206 ; Wenyon, 1926, pp. 26, 79, 131, figs. 29, 45, 
70 ; Sohoemchen, 1927, p. 211, pi. xii, fig. 40 ; Weniioh, 1928, 
p. 279, pi. xxxri, fig. 2. 
Para/mseeium, oa/adaMim, Beichenow, 1929, p. 1176, fiig. 1160 A. 
■^Pwrmneciwm cauoUctwm, Bhatia & MuUiok, 1930, p. 396. 
Parwneeiian caudalwm, Eahl, 1930-5, p. 291, 6%. 48, 1, 2. 

Body elongated, eylindiioal, but somewhat flattened, 
at least three times as long as broad, anterior end broader 
and rounded, posterior end gradually tapering and usually 
provided with a tuft of longer ciUa. Trichooysts abundantly 
present. Contractile vacuoles two, stellate, situated about 
one-third or one-fourth the length of the body from either end. 
Macronucleus egg-shaped, with a single compact micronucleus 
lying close by it. One of the commonest species in standing 
water. 

Dimi&nsions. — ^Length 120-330 /x, usually 200-300 /x. 

Remarks. — ^Very common at all times of the year in stagnant 
water and in in&sions of dry leaves. Examples also grow 
well in a mucilage of Jsposg'AMZ-seeds, and their movements are 
rendered slow. After being kept in this mtedium for two or 
three days, owing to the colouring matter of the seeds diffusing 
into the water, the nuclei and food-particles are found to be 
stained a beautiful reddish coloiu: in the hving animals. 

The tufb of longer cilia usually described at the posterior 
end is generally not present in forms met with at Lahore. 
Bhatia (1916) foiuid ertra contractile vacuoles in this species, 
and discussing the significance of this (1923) suggested that 
the occasional occurrence of extra vacuoles in Parmmecmm 
is a case of reversion to an ancestral condition in which there 
may have been a continuous row of vacuoles, as is so often 
the case, for example, in certain species of Enchdis, Looao- 
phyUum, Dil&ptus and ChUodon among 6ymitostoma.ta, and 
in several species of Anoplophrya and of other genera among 
ASTOMATA. The evolution of the radiating canals which 
drain a large area of cytoplasm may possibly have been the 
cause of the number becoming restricted to two. Dimitrowa 
(1928) and Lepsi (1929) have supported the view. 

HcMtat. — ^Pond water : Kashmte, Srinagar ; PtrarjAB, 
Lahore ; Uititbd Pboytnobs, Lucknow ; Bbkoal, Calcutta. 

81. Paramecium sp. 

Paara/mcsovum, sp., Sisoraons, 1891, p. 4. 
Habitat. — ^Pond water : Bbngal, Calcutta. 
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A. 




, 65. — A. IPaaraAnecmm eaud/itmti Ehrbg. a, amis ; al, alveolax layer ; 
ei), contractile vacuole ; ccv, radiatis^ canal ; eaik, excretory 
gramiles ; N, macromide'as ; n, mlcronucleus ; o, cyto- 
stome ; oe, (^opharynx ; P, pezistomial groove ; .pe, 
esoretory jiore; tr, triohoeysts. (After SohewiakoS.) 
B. Pa/ramemun caudatiwm Ehrbg., showing micronucleor 
struotuie, (After Wemioh.) 
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4. Family TRICHOPELMID^ Kahl, 1931 
(=Leptophae,ynqid^ Kahl, 1926). 

Small forms without test, generally strongly flattened 
laterally, -with delicate pellicle resembling a coat-of-mail. 
CSlia sparse, particularly on the right flattened side, where 
they form a senucirouLar or sicMe-shaped uninterrupted 
dorsal keel, and 2 to 9 interrupted rows of cilia on the plane 
surface. Cytostome on the compressed ventral surface, 
membranoid structures recognizable with diflGLculty. 



Genus DBEPANOMONAS Eresenius, 1858 
(=DEEPAiirocEKOS Stein, 1878). 

Drepanomonas, Freseuius, 1858, p. 216; Butsohli, 1887-9, p. 1710 ; 
Penard, 1922, p. 167; Lepsi, 1926 a, p. 48; Kahl, 1930-5, p. 304. 

Small to very small, very flattened, narrowly sickle-shaped 
or half-moon-shaped. Eight margin keel-shaped, uniformly 
curved in a sicMe-shaped manner or more elongated and 
broadly rounded at both anterior and posterior ends. Left 
margin elongated and slightly concave. Oral field small, 
groove-like, with small membrajieUe in the middle of the left 
margin ; a cytopharynx observed in two species. Ventral 
surface with three ciliary rows, the two left ones interrupted in 
the middle ; dorsal surface with only two ciliary rows or isolated 
cilia. In the oral groove or behind it are som^e isolated cilia. 
Often there is a deep longitudinal furrow on the dorsal surface. 
Contractile vacuole and macronucleus in the middle region 
of the body. 

S2. Drepanomonas dentata Fresenius. (Mg. 66.) 

Drepanomonas dentata, S'resem'os, 1868, pp. 216-17, pi. x, figs. 25-8. 
Ziitonottis fasdola (young condition), Kent, 1880-2, p. 744. 
Drepanomonas deniata, Biitschli, 1887-9, pi. Ixiv, fig. 14 ; Mermod, 

1914, p. 70. 
■fDrepanomonas deniata, Ghosh, 1920 a, pp. 146-6, fig. 2 ; 1921 a, 

p. 10, fig. 8. 
Dropanomxmas dentata, Penaj:d., 1922, pp. 167-8, fig. 165 ; Lepsi, 

1926 a, p. 63, figs. 167, 168 ; Kahl, 1930-5, p. 304, fig. 50, 11, IZ. 

Body semilunar, laterally compressed, convex dorsally, 
concave on the ventral border, sharply pointed at either end. 
The ventral border bears in the middle a depression in which 
. lies the c3rtostome, provided with a small undxilating membjrane. 
On each lateral surface there are two longitudinal ciliated 
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grooves which meet behind and lose themselves anteriorly 
in characteristic denticulations. A small contractile vacuole, 
mth accessory vacuoles, close to the angle of the buccal 
depression. Maoronucleus spherical, situated a Kttle behind 
or above the mouth. On SpJmgwwm and in marshy water. 




Fig. 66. — Drepanomonaa dentata Fres. 
a, left lateral aspect ,- h, right lateral aspect. (After Penard.) 

Dimenaions. — ^Length 40-65/i. 

JRemarks. — ^The form met with by Ghosh differed from the 
typical condition in that the dentations were broader and less 
numerous ; anterior end was rotmded, without forming a beak ; 
there was a second obHque ridge on the surface near the 
postero-lateral margin ; and oytophar3nix was narrow and 
comparatively long. Measurements are not given, and the 
figure given is very crude. 

Eaiitat. — ^Vegetable iofusions : Bbngal, Calcutta. 



Inoert^ sedis. 

Genus OPISTHOSTOMUM Ghosh, 1928. 

Body oval. Peristome narrow, postero- terminal, surrotmded 
by a large ventral lobe, a large left dorso-lateral lobe, and a 
small right dorso-lateral lobe. A siagle sinuous row of well- 
developed membraneUes in the peristome. 

83. Opisthostomum bengalense Ghosh. (Fig. 67.) 

^Opisdiostomum bengdlenaia, Ghosh, 1928, p. 383, figs. 2, 3. 
Opisthoatomum bengalenae, Kahl, 1930-6, p. 311, fig. 49, 13. 

Body elongately and irregularly oval, less than twice as 
long as broad, broaxily oval in transverse section. Anterior 
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end somewhat tapering and rounded. Posterior end with 
three lobes — a large ventral lobe, a somewhat triangular lobe 
on the dorso-lateral aspect and to the left, and a narrow 
elongated lobe on the right side somewhat projecting on the 
dorsal aspect. Peristome a long narrow excavation, apparently 
naked ; a row of weU-developed membranelles. Body 
uniformly ciliated, cilia on the left side very long. Macro- 
nucleus large, oval, and placed in the posterior half of the body. 
Mcronudeus spherical, on the right side of the maoronucleus. 
DimeTisions. — ^Length 78/i, -width 48 /a. 




Fig. 67. — Opisthostormim, bengalense Ghosh. (After Ghosh.) 

Remarks. — Ghosh has referred the genus to Hbxsbotbicha, 
to which it has no relationship. KaM thinks that the form 
is much more related to Mycteroihrix, family Marjnoidae. 
He thinks that Ghosh has descsribed the peristome as postero- 
terminal with reference to the direction of the swimming of 
the organism, but that it is reaHy at the anterior pole, and 
the animal swims backwards, as does Mycteroihrix. The 
form requires further study before its correct position can be 
determined. 

Habitat. — Sewer water : Bengal, Calcutta. 
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5. Famly ISOTRICHIDJS Biitsohli, 1889. 

Body -with thick pellicle, and with a general and dense 
covering of cilia. Cytostome ventral, near the posterior end. 
Commensals or parasites in the rumen of Ruminantia. 



Key to IvMan Oenera. 

Body -with roimded posterior and more 

pointed anterior end. Maeromioleus with 

a nuclear stalk IsoTBiCHASt.,p.l56. 

Body more regularly ovoid. Maoronudeus [p- 168. 

without a nuclear stalk , Dasytbicha Sohub., 



Genus ISOTRIOHA Stein, 1858. 

Isotrieha, Stein, 1858, p. 69 ; 1861, p. 86 ; Kent, 1880-2, p. 497 ; 
Sohuberg, 1888, p. 377 ; Biitsohli, 1887-9, p. 1715 ; SohewiakoS, 
1896, p. 373 ; Hiokson, 1903, pp. 401, 403 ; lilinohia, 1912, 
p. 439 ; Hegner & Taliaferro, 1924, p. 385 ; Calkins, 1926, 
p. 407; Wenyon, 1926, p. 1191; Knowles, 1928, p. 523; 
Reiohenow, 1929, p. 1177 j Kudo, 1931, p. 388. 

Body somewhat flattened, ovoid, with roimded posterior 
and more pointed anterior ends, muformly covered with cilia, 
Cytostome at the end which is posterior in locomotion or 
.laterally placed. Contractile vacuoles many, distributed 
superficially ia the central region of the body. Anal aperture 
at the anterior end. Macronuclens large, elongate, lying 
longitudinally in the posterior region or in the middle of the 
body,, in a bag attached by a nuclear stalk. Micronncleus 
oval, dose to the macronucleus. Paxasitio in the rumen of 
cattle and sheep. 

Bemarks. — ^It is a matter of definition whether to refer to the 
C3rtostomial end as anterior or posterior. Btitsehli (1887-9) 
and other authors, including Reichenow (1929), speak of the 
cytostome as situated at the posterior end and the animal 
swimming with the anterior end foremost. Others, including 
Wenyon (1926), regard the oral end as anterior and the animed 
as habitually swimming backward. 

Key to Inddcm Species. 

1. With cytostome at the posterior end of the 

body J. prostoma St., p. 157. 

2. With cytostome lateral, at some distance [p. 158. 

fix>m the posterior end J. mteeUnaUa St., 
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84. Xsotricha prostoma Stein. (Fig. 68.) 

Isotrioha prostoma. Stein, 1858, p. 88 ; Kent, 1880-2, p. 497 ; 
Sohuberg, 1888, pp. 377-85, pi. xii, figs. 4-5 ; pi. xiii, figs. 10-13 ; 
BiitscUi. 1887-9, pi. Ixv, fig. 12; Sohewiakofl, 1896, p. 375, 
pi. vi, fig. 142 ; Braune, 1913, p. 189 ; Hegner & Taliaferro, 
1924, p. 385 ; Knowles, 1928, fig. 132, 13 ; Reiohenow, 1929, 
p. 1177, fig. 1162 ; CampbeU, 1929, pp. 331-9, pis. x-xii; 1930, 
pp. 141-6, pis. sd, xii ; Kudo, 1931, p. 368, fig. 159 a. 
■\IaolxicJia prostoma, Kofoid & MaeLennan, 1933, p. 28 ; Kofoid & 
Christenson, 1934, p. 377 ; Das-Gupta, 1935, p. 159. 

Form very flexible and elastic, but not contractile. Body 
elongated ovoid, with, one end rounded and the other 
pointed. The body is somewhat flattened dorso-ventraUy 
and is covered with cilia. C3rtostome, with a short wide 

Fig. 69. 



Fig. 68. 





Fig. 68. — laotridia prostoma Stein, a, anus ; al, alveolar layer ; 

op, peUiole ; co, contractile vacuoles ; hf, nuclear stalk ; 

N, maoronuoleus ; n, micronuoleus ; o, eytostome ; oe, oyto- 

pharynx. (After SohewiakoS.) 
Fig. 69. — Isotrioha iTttestmaUa Stein. (After Eberlein.) 



cytopharynx provided with stronger cUia, situated at the end 
of the body, which is posterior in locomotion. Contractile 
vacuoles many, distributed superficially in the central region 
of the body. Anal aperture at the end which is forward 
in locomotion. Macronucleus large, elongate, lying longi- 
tudinally in the posterior region of the body in a bag attached 
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by a nuclear stalk to the wall of the organism. Mcronucleus 
oval, dose to the maoronucleus. Parasitic in the rumen of 
cattle and sheep. 

Habitat — ^In the stomach of Bos ivMcus Linn, (locality not 
giren) ; stomach of Bos gaurus H. Smith : Mysore ; rumen of 
Copra hircvs Linn. : Bengal, Calcutta. 



85. Isotricha intestlnalis Stein. (Pig. 69.) 

laolxicha intesUnaMs, Stein, 1858, p. 69 ; Kent, 1880-2, p. 497 ; 
Soliuberg, 1888, pp. 386-6. pi. sdu, figs. 14-16 ; ButsohU, 1887-9, 
pi. Ixv, figB. 10, 11 ; Hiokson, 1903, pp. 401-3. 
^laotridia mtestindlis, Jameson, 1926, p. 409. 
laoiricha inteatinalie, Wenyon, 1926, p. 1191, fig. 504, S; Beiohenow, 

1929, p. 1178. 
^Isolrit^ mtesHndlis, Kofoid & Christenson, 1934, p. 377. 

Body obovate, slightly flattened, longitudinally striate. 
Cytostome ventral, situated within a semilunar depression at 
some distance from the posterior end, and provided with a 
short cytopharynx. CSlia long, fine. Contractile vacuoles 
numerous, distributed chiefly in the posterior region. Macro- 
nucleus elongate oval, with a small, rounded micronucleus 
close to it. The whole nuclear apparatus is contained within 
a bag attached by a nuclear stalk to the inner layer of the 
cjrtoplasm. Dimensions not recorded. 

Remarks. — ^This species was present in fair numbers in 
material from Ceylon, and the shape was markedly more 
rounded thaji is usually the case. 

HaMtat. — ^La the stomach of Tragvkis meminna Milne- 
Edwards (mouse-deer) : Cbylos' ; stomach of Bos goAirus 
H. Smith : Mysore. 



Genus DASYTRICHA Schuberg, 1888. 

Basytricha, Sohuberg, 1888, p. 386; BatseMi, 1887-9, p. 1716; 
SohewiakofE, 1896, p. 376 ; Hiokson, 1903, p. 403 ; Bratme, 
1913, p. 146 ; Wenyon, 1926, p. 1191 ; CaJkins, 1926, p. 407 ; 
Reichenow, 1929, p. 1178 ; Kudo, 1931, p. 369. 

Body more regularly ovoid than in Isotricha. Macro- 
nucleus without a nuclear staJk. Parasitic in the rumen 
of cattle and sheep. 



86. Dasytrieha nuninantium Schuberg. (Kg. 70.) 

Dasytrioha rummaniitim, Schuberg, 1888, pp. 386-91, pi, xiii, 

figs. 17-26 ; Sohewiakofi, 1896, p. 377, pi. vi, flig. 144. 
laotridia ru/mmantium, Bratiae, 1913, p. 130. 
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Isotncha {Dasytridia) rummantium, Dogiel, 1925 b, p. 286. 
Dasytndia ruminan6ium, Weayon, 1926, p. 1191, fig. 504, 9. 
laotrioha (Dasytricha) ruminandum, Dogiel & Pedorowa, 1927, 

pp. 76-82, fl^. 1-11. 
Dasiftnoha rummantium, Reichenow, 1929, p. 1178 ; Kudo, 1931, 

p. 369, fig. 159 0. 
\B(iaytin(iia rundncmtmm, Kofoid & MacLennan, 1933, p. 28 ; 

Kofoid & Christenson, 1934, p. 377 j Das-Gupta, 1935, p. 159. 

Body regularly ovoid, uniformly covered ■vdth oilia. Cyto- 
stome at the posterior end of the body leading to a curved 
cytopharynx. Contractile vacuole single. Anal aperture at 
the anterior end of the body. Macronucleus a small, curved 
body, without a nuclear stalk. Mcronucleus Ijdng close to 
the macronucleus. 



>^- 




-C^Z? 



Fig. 70. — Dasytricha rummantium Sohub. aZ, alveolar layer ,• op, 
peUidle ; ov, ooxLtractile vacuole ; N, macrozLudeus , 
n, microimcleus ; o, C3rtostome ; oe, oytopharynx. (After 
SohsmakoB.) 



Dimensions. — ^Length 50-110 /i ; ■width 25-65/*. 

BemiMrka. — ^Dogiel and Fedorowa (1927) have published 
a note on the reproduction in this species, and have referred 
it to the genus Isotncha. 

Habitat. — ^In the stomach of Bos indicus (locality not 
given) ; stomach of Bos gavrus H. Smith : Mysore ; rumen 
of C?opro Mraus Linn. : Bengal, Calcutta. 
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6. Family BLEPHAROCORID^ Hsiung, 1829. 

Body oilation confined, to certain regions only, tufts of 
cilia situated above and below the cytostome, and in the 
posterior anal region. Cytostome not terminal and not lying 
in a prominent depression. Contractile vacuole single, pos- 
terior. Maeronucleus and micronucleus central. Parasites in 
the Ungulate Mammals. 



Genus BLEPHAROCORTS, Bundle, 1895. 

BUpharoaorys, Bundle, 1895, pp. 305-9. 
Gharon, Jameson., 192S, p. 403 ; Wenyoa, 1926, p. 1193. 
BUpha^ocorys, Dogiel, 1926, pp. 61-4 ; 1934, p. 297. 
Charondla, Bhatia, 1935, p. 13. 

Body with a simple anterior projection and with an anterior 
and a posterior group of cilia, the posterior ciha in one or two 
compact bundles. The cytostome does not lie in a prominent 
depression, and opens into a oytopharynx which extends 
deep into the body. Attached to the Irft side of the cyto- 
pharynx is a well-developed ciliary membrane made up of 
stout cirri. No permanent anal opening. Contractile vacuole 
single, large, in the posterior part of the body. Maeronucleus 
large, rounded and coarsely granular. Micronucleus oval and 
close to the maeronucleus. In the paimch and rumen of 
cattle and sheep. 

Sema/rks. — Jameson described Gharon as a new genua, but 
that name being pre-ocoupied for an Arachnid genus of EZarach 
(1879), I changed the name to ChwroneOa. Dogiel (1934) has, 
however, pointed out that Gharon vemtriculi Jameson and 
BUfharocorya bonis Dogiel are identical, and the form should 
be called Blepharocorys venlHcvli (Jameson). 

87. Blepharoeorys ventrieuli (Jameson). (Fig. 71.) 

Charon venlrioiM, Jameson, 1925o, pp. 403-5, 1 fig : Wenvon 

1926, p. 1193. - 

Bl&pharooorya horns, Dogiel, 1926, pp. 61-4, 1 fig. 
•fOTKwon v&aHioM, Kofoid & MaoLennan, 1933, p. 28. 
Blephwoeorys vmUnouU, Dogiel, 1934, p. 297. 

Body resembles the blade of a lancet, with one side convex 
the other nearly straight, more than twice as long as broad, 
very much compressed dorso-ventrally. Anterior end bluntly 
pomted and pinched- into a projecting knob ; the posterior 
end tapers to a finer rounded point. Ventral surface flat or 
very slightly concave ; dorsal surface very slightly convex • 
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right side straight ; left side convex. Anterior end of the 
body covered with many cilia, including two tufts of cilia 
similar to those of posterior end, but less prominent. The 
anterior and posterior pairs of ciliary bundles consist of 
stiff, long cirri, which are only capable of bendii^ near the 
tips. The anterior bundles are placed, one on each side of 
the body, at the base of the anterior knob on a level with 
the cytostome. The posterior- bundles he one on each side 
of the body, close to tixe end, and each is inserted in an- oval 
socket. The posterior bundles are chiefly locomotory, 
moving in unison with slow, somewhat jerky strokes. Cyto- 
stome round or slightly pear-shaped, situated on the ventral 
surface of the body immediately behind the anterior ciliated 




Fig, 71. — Btepfiarocorys ven^etcU (Jameson). (After Jameson.) 



tip, and opens at Ance-into a prominent cytophar3m3:. Cyto- 
pharynx extends deep into the body, reaching at least half- 
way to the posterior end, and curving slightly to the right. 
Extending along the whole length of the left side of the cyto- 
pharynx is a well-developed ciliary membrane, made up of 
stout cirri, which seem to be fixed together and act as an 
undulating membrane. Contractile vacuole single, large, 
in the posterior part of the body. No permaneixt . anal 
opening, but occasionally a temporary anus can be seen 
opening at the extreme posterior tip of the bJDdy. Macro- 
nucleus large, rounded, coarsely granular in structure, usually 
situated about the middle, near the end of the oytopharynx. 

OIL. M 
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Micronueleus oval, lying ia a depression in the macronuoleus 
or close to it. Feeds on bacteria and fine organic particles. 

JDimmsions. — ^Length 24-36 jn, breadth 12-15/u,. 

HaUtat. — ^Very rare in the stomach of Bos indicus (locality 
not given). 



3. Suborder HYMENOSTOMATA Hiokson, 
emend. KaM. 

HoiiOTBiOHA. in which the mouth is permanently open, 
and provided mth membranes, formed by the fusion of rows 
of ciHa, and free cilia in addition. 

Remarks. — ^Previously the terms Tmchostomuta and 
H"EMiairosxoMATA were indiscrimiinately used to include all 
HoLOTEicHA. in which the mouth was provided either with 
fi:ee dlia or with some of the ciUa tinited to form membranes. 
Kahl (1926, 1930-5) has grouped these forms into two sub- 
orders, TEiCDaosTOMATA (oral cilia free) and HinvEENOSTOiHATA 
(oral dlia united to form membranes). Reiehenow (1929) 
has followed him in this usage of these terms. 

IdeTdificaiion TdbU of Families. 

1 (2). Oial aperture without a peiiatoiue. . . . Fiontonlldse Elahl, 
■Z (1). Oral aperture lies at the eud or the |jp. 163. 

bottoin of a peiistoine. 3. 

3 (12). Cih'ation on all sides or limited to the 

oral side 4. 

4 (5). Peristome runs as sickle-ahaped oUi- 

ated cleft, perpendicular to the 
surface of the body, into the de- 
pressed oral aperture. An hour- 
glass-shaped body lies in front of the [p. 180. 
anterior end of the peristomial cleft . OphryoglenidSB Kent, 
.5 (4). Peristome estends along the surface 
of the body franx the anterior pole 

to the oral aperture 6. 

<6 (9). Peristome bears on vuxdulating mem- 
brane along one border 7. 

7 (8). Peristome runs £ram the truncated 
anterior end of the body to the small 
cytostome situated in the anterior 
third of the body. Peristome bears 
an undulating membrane along its left 

border SagittarlidaB* Grandori. 

-8 (7). Peristomial plate bears along the 
right border an undulating mem- 
brane which surrounds the hinder 
margin of the oral aperture like a 
poc^t. Left peiistoxaial border bears [p. 182. 

a ciliaxy row or membrane Fleuionematids Kent, 

9 '(6). Peristome differently provided 10. 
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10 (11). Right peristomial border with, two un- 

dulating membranes. Hctoplasmic 
pocket surrounding the cytostome 
absent CobnilembidEB * Kahl. 

11 (10). Peristomial groove provided along the 

right border either with a dense ciliary 
field, besides the undulating mem- 
brane, or only a thick undulating 
membrane. To the right of the cyto- 
stome, or surrounding it behind, is 
a pocket sunk below the ectoplasm 
with a small membrane Phllasterldsa * Kahl. 

12 (3). Ciliation reduced to two broad ciliary [Xiachm., p. 189. 

girdles Urocentridse Clap. & 



1. Pamily FRONTONIIDiE KaM, 1926 
(=CHrLirEEA Blitschli). 

Body ovoidal, Tiniformly ciliated, without a peristome. 
Cytostome situated in the anterior half of the body, at the 
end of an open groove or of a hooded funnel. Oral groove 
provided with one or more membranes ajid free cilia, arranged 
in a variety of ways. Contractile vacuole single, usually 
central. Macronucleus single or double, central. 

Key to Indian Qenera. 

1 (16). Posterior end without a caudal bristle. 2. 

2. Cytostome not followed by a funnel- 
shaped csrtopharynx, or cytophaiynx, 
if present, without undulating mem- 
brane or cilia 3. 

3 (6 or 8). Oral aperture anteriorly pointed, 

posteriorly transversely trunoated i.. 

■4s (5). Qytostome along the right border, near 
tibie end of the body ; membrane 
ia the right oral margin Tbiohoda, p. 168. 

5 (4). Cytostome on the ventral surface ; 
large undulating membrane in the 
left oral margin. A postoral seam 
running to the posterior pole ; no 
striated band on the dorsal surface 
posteriorly. Body not narrowed 
behind in a tmifoimly triangular 
manner Fbohtonia, p. 164. 

■6 (3). Oral aperture not transversely trun- 
cated behind, but obhqualy pointed 
or rounded 7. 

.7. Cytostome a small sigmoid deft, 
removed from the anterior pole, with 
two membranes SlGMOSXOMTnu, p. 167. 

•8 (3). Oral aperture anteriorly rounded or 

truncate 9. 

m2 
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9 (14). Cytostome obliquely placed, from right 
anterior to left posterior direotion, 
the right margin, -with a, projecting 
eotoplasmio lip. Inside the cytostome 
are three oihaiy structures, am outer 
membrane on the left, beneath that 
an inner, and to the light at the 
bottom a three-rowed ciliary band . . 10. 

10 (11). Cytostome near the middle of the 

ventral surface ; dorsal series of cilia 
not strikingly bent to the right 
anteriorly Glaxjcoma, p. 170. 

11 (10). Cytostome lying in the right border 

of the body 12. 

12 (13). Dorsal series of cUia bend anteriorly 

more or leas obliquely to the right . . CoLPtDiuM, p. 173. 

13 (12). Only one strong membrane extends 

from the left margin into the upper, 

concave, ectopla^mic lip. Small, fp. 176. 

contractiQle ; in damp moss, or marine. PsEUDoaiiAxrcoMA, 

14 (9). Oral apertiue without the ectoplasmic 

lip on the right ; cyliostome with only 

one membrane IS. 

15. Membrane inserted in the left and 

anterior margin and encloses the 

mouth in a cap-like manner STUoocEXLtni, p. 178. 

16 (1). Posterior end with a caudal bristle. 

CiUation uniform ; anterior pole with 

unciliated frontal plate. !From the 

anterior end an indistinct furrow runs 

to the mouth, bearing somewhat 

strong oflia along its right border TJeonbma, p. 178. 



Genus FRONTONIA Ehrenberg, 1838, 
emend. ClaparMe & Lachmami. 

Qwsaria, part, Ehrenberg, 1838, p. 325. 

Ophryogkna, part {acummata and atra), Ehrenberg, 1838, p. 360. 

Prontonia subgenus, Ehrenberg, 1838, p. 329. 

Pamophrys, Dujardin, 1841, p. 491. 

Oyrtostxmvwm, Stein, 1859 o, p. 59 ; 1859 d, pp. 63, 82, 87 ; 1867,. 

pp. 67, 69, 92, 123. 
Prontoma, ClaparMe & Lachmann, 1858-61, pp. 269—60; Fromentel,. 

1874, p. 190. 
Oyrixystomum, Kent, 1880-2, pp. 496-7. 
frowtoma, Butsohli, 1887-9, p. 1703 ; SohewiakofiE, 1896, p. 309 ; 

Eoux. 1901, p. 59; Hiokson, 1903, p. 402; Miachin, 1912, 

p. 439; Calkina, 1926, p. 406 ; Lepsi, 1926 o, p. 50; Sehoenichen,. 

1927, p. 205 ; Reiohenow, 1929, p. 1179 ; Kahl, 1930-5, p. 316. 

Body elongated, cylindrical, more or less flattened, rounded 
at bolii ends, the posterior end being somewhat narrower. 
Dorsal surface convex, ventral flat. Right border straight 
or slightly concave, left border convex. CSlia long, fine, 
arranged along longitudinal lines. Oral fossa lies in the 
anterior third of the ventral surface, to the right of the median 
line ; oval in form, the long axis antero-posterior, sharply 
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pointed in front and broadly truncated behind. The left 
border of the oral fossa is more strongly curved and provided 
with a large undulating membrane, composed of three lamellsB 
and four rows of cilia : the right border with cilia ; inner 
shorter cilia membranoid and united, and the outer three rows 
of free ciUa extending beyond the cytostome to the postoral 
groove, which extends towards the posterior end of the body. 
Contractile vacuole single, central, with or without radiating 
canals. Maoronucleus eUipsoidal, central, obliquely placed, 
with numerous micronuclei attached to it. Body often filled 
with algae and diatoms. Locomotion quick, the animal 
rotating on its long axis and often changing its direction. 

88. Frontonia leucas (Ehrenberg). (Fig. 72, A & B.) 

Bwraaria leitcas, Ehrenberg, 1838, p. 329, pi. xsxiv, fig. 8. 

Frontonia v&maUs, Ehrenberg, 1838, p. 329, pi. xxxiv, fig. 7. 

Panophrys (Buraaria) leuoaa, Dujardm, 1841, p. 494. 

Panophrya (Bursaria) vemaUs, Dujardin, 1841, p. 492, pi. xiv, fig. 7. 

Panophrya chryaaUs, Dujardin, 1841, p. 492, pi. xiv, Sg. 7. 
■\BwBaria Uucaa, Carter, 1856 6, pp. 115-32, 248, pi. vii, fig. 85. 

Frontonia Uueaa, Clapar^de & Laohmann, 1858—61, pp. 259-60. 

Cyrtoatomvim leuoaa, Stein, 1859 a, p. 59 ; 1859 d, pp. 63, 82, 87 ; 
1867, pp. 67, 69. 92. 123. 

Panophrya (Briraaria) leucaa. Stein, 1867, p. 44. 

Panophrya (Bwraaria) v&mcMa, Stein, 1867, p. 44. 

FrontonAa leiccaa, Fromentel, 1874, p. 190. 

Cyrtostomum leucaa, Kent, 1880-2, p. 497. pi. xxvi, fig. 37 ; Fabre- 
Domergue, 1888, pp. 13-18, pi. ii, figs. 16-21 ; Balbiani, 1886, 
pp. 23-55, pi. i, figs. 1-12 ; Maupas, 1889, p. 786. 

FrontonAa leucaa, Butsohli, 1887-9, p. 1703, pi. Ixii. fig. 3, a-o ; 
Sohewiakoff, 1889, pp. 38-41, pi. v, figs. 57-64 ; 1893, p. 45 ; 
1896, pp. 312-13. pi. V, fig. 113 ; pi. vi, fig. 164 ; pi. vii. figs. 173, 
177. 191 & 201 ; Boux, 1901, pp. 59-60. pi. iii, fig. 13 ; Penord, 
1932, pp. 131-9, figs. 132-6 j Lepsi, 1926 o, p. 37, fig. 179 ; 
Calkins, 1926, p. 158, fig. S3 ; Schoenichen, 1927, p. 205, pi. zii, 
fig. 29 ; Beiehenow. 1929, p. 1179, fig. 1165. 
f Frontonia Imcaa, Bhatia & Mulliok, 1930. pp. 396-8, fig. 3. 

Frontonia Uweaa, Elahl. 1930-5, p. 317, fig. 55, J. 

Body elongated, rounded at both extremities, wider 
anteriorly and narrower posteriorly. Posterior end slightly 
pointed, with few longer cilia. Eight border straight or slightly 
concave, left border convex. Cilia long, fine, and arranged 
along longitudinal lines, the hnes of the right side meetog 
those of the left in front of the mouth. Oral fossa oval, 
lying in the anterior third of the ventral surfeee, the post- 
oral groove extending to the posterior part of the body. 
Contractile vacuole single, situated about the middle near 
the right border, with long radiating canals. Macronuoleus 
: ellipsoid, granular, and witii several micronuclei. Colourless 
or brown&i, or often green on account of contained zoo- 
chlorellse. 
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DimeTtsiona. — Size very variable, from 150-600/*. 

Bemarks. — ^The length of the specimens found at Srinagar 
varied from 200 to 324/4. The living specimens were quite 
opaque and nothing could be made out except the contractile 
vacuole ■with its radiating canals and the large number of 
algal filaments on which the organisms had fed In specimens, 
properly fixed and stained with iron hsematoxyhn the detailed 
structure of the oral fossa could be made out (Penard, 1922 ; 
Bhatia & MuUick, 1930). 




Fig. 72.— A. Frontonia Imoaa (Ehrbg.). e, eUia ; cu, contractile 
vacuole ; ma, maoronuoleus ; mi, mieronuoleus ; nk, food- 
particles ; no, food-vacuoles ; o, cjrtostome ; r, pharyngeal 
groove; tr. triohooysts ; vk, radiating canal. (From 
Beiehenow, after Tonniges.) B. Oral field of Frontonda 
leuaas (Ehrbg.). (After Bhatia and MulUok.) 

The oral fossa (fig. 72, B) is oval, being pointed at its anterior 
end and elongated in the direction of the animal. From 
«ie base of this oral fossa on the right side a longitudinal 
JtaTow or seam extends almost to the posterior end of the body 
The fossa is ornamented by cilia, which are enlarged at their 
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points of attachment and are free at their distal extremity ;. 
in addition a broad, striated lamella is attached to the left, 
and a long and narrow undulating membrane to the right 
border of the framework. On the right side of the fossa 
are three parallel striated bands, separated by lines of small 
and close-set basal granules from which the cilia arise. The 
innermost band also bears longer cilia along its left border, and, 
in addition, gives attachment to the long, narrow, undulating 
membrane, referred to above ; this extends along the whole 
length of tiie oral fossa, but stops at the commencement of the 
postoral or pharyngeal groove, which rims along the ventral 
side of the animal almost to the posterior end of the body. 

Along the left margin of the oral fossa are two striated bands . 
At the anterior end of the fossa there seem to be three such 
bands, making an acute angle with those of the right side, 
but only two of the bands extend along the left border. At the 
base of the oral fossa the outer one stops, while the inner is 
curved and continued to form the waJl of the pharyngeal 
groove. The inner band'bears along its right border a number 
of thick lashes, as shown in the figure. To this border is also- 
attached a broad, transversely striated membrane, which 
extends across and covers the oral fossa. This membrane 
is free at its right border, and thus leaves uncovered a narrow 
groove, which is continued behind as the pharyngeal groove. 

Trichocysts are abundantly distributed all over the body 
in the cortical region. Penard has described a large variety 
of trichocysts in this species, but Bhatia and Mullick recognized 
only three kinds, viz., (1)' a spherical form of trichocysts 
lying close to the border of the oral fossa, (2) fusiform, and 
(3) somewhat curved, rod-like trichocysts, distributed all over 
the surface. 

The large macronucleus is elhpsoidal and situated in the 
middle of the body. It is granular in structure. There 
are numerous micronuclei l37ing over the macronucleus. Each 
of these is an elongated oval body, with a strong nuclear 
membrane, and a single dense body inside. 

Habitat. — Clear stajiding water : Kashmtb, Srinagar ; fresh 
water : Bombay, Bombay. 

Genus SIGMOSTOMUM Gulati, 1925. 

Sigmostomum, Gulati, 192S, p. 751 ; Kahl, 1930-5, p. 322 ; Calkins, 
1933, p. 605. 

Form, position of the contractile vacuole and the oytostome 
as in Frovionia. Cj^ostome is a sigmoid cleft with a membrane 
along each margin. Ectoplasm with trichocysts arranged in 
a honeycomb-Uke manner.. Macronucleus oval, with a single 
micronucleus. Feeds on algal filaments. 
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89. Slgmostomum indieum Gnlati. (Fig. 73.) 

■fSigmostomum mdicum, Giilati, 1925, p. 751, pi. ii, fig. 20. 
Sigmoatormtm incKeum, KabI, 1 930-5, p. 322. 

Body oval, about three times as long as broad, anterior 
«nd a little broader than the posterior end. Cilia evenly 
■distributed all over the body. Triehocysts well developed. 
■Cytostome ventr^^l, in the anterior half of the body, an S- 
shaped slit lined by undulating membranes on both lips. No 
peristomial field leading to the ojrtostome. Cytophar3oix 
absent. Contractile vacuole single, spherical, central. Macro- 
nucleus oval, in the posterior half of the body, and granular 
in structure. Micronucleus small, oval, lying by the side of 
the macronucleus. Locomotion s-wift, restlessly rotating on 
its own axis. Feeds on large filamentous algae. 




Kg. 73. — Sigmostomum inMoum Gulati. c.v, contractile vacuole. 
(After Gulati.) 

Dimenskms. — ^Length 145 /li, width 42)u,. 

SemarJca. — ^Kahl thinks that Gulati's examples were, in all 
probability, specimens of Frontonia levjaas, but I do not agree 
with him, as iierewere no indications of either a postoral seam, 
the special structures in the ' oral fossa, or the radiating 
canals connected with the contractile vacuole, which Gulati 
could not have missed. 

Habitat. — ^Pond water : Punjab, Lahore. 



Genus TRICHODA O. F. Mtiller, 1773. 

Trichoda, O. B". Mflllfir, 1773, p. 71 ; Ehrenberg, 1838, p. 306 

Kent, 1880-2, p. 535. 
GUmeoma, -paxt, Biitschli, 1887-9, p. 1702. 
Triahoda, Schoemchen, 1927, p. 204. 

Animalcules free-swimming, very small, elastic, but more 
■or less persistent in shape ; ovate or pyiiform. Cytostome 
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situated near the pointed and obliquely truncated anterior 
extremity, approached by an ovate oral fossa the right margin 
of which gives attachment to a single, vibratile, flap-like 
membrane. Cuticular surface finely dliate throughout ; 
a circlet of larger cilia surrounding the entrance to the oral 
fossa. Especially abundant in putrid infusions. 



■90. Trichoda pura Ehrenberg. (Fig. 74.) 

Triohoda pura, Ehreabeig, 1838, p. 307, pi. xxxi, fig. xi ; Kent, 

1880-2, p. 535, pi. xxvii, fig. 47. 
Glaucoma pura, Butsehli, 1887-9, p. 1702. 
^Trkihoda pura, Bhatia, 1916, p. 182. 
Triohoda pura, Sohoenichen, 1927, p. 204. 
Ohtucoma sp., Sandon, 1927, p. 181. 

Body pyriform, rounded posteriorly, tapering gradually 
towards the anterior extremity. Gytostome at the anterior 




Fig. 74. — Trichoda pura Blirbg. (After Kent.) 

«xtremity. Oral fringe of cilia conspicuous ; those of the 
general cuticular surface very fine. Contractile vacuole 
located posteriorly. Macronudeus single or double, spherical, 
subcentral. In pond water and vegetable infusions. 

Dvmmskms. — ^Length up to 40ft. 

Bemasrhs. — ^The animalcules were found in large numbers 
in an infusion of hay. Two specimens measured 32 ju. by 
16 /* and 38 /t by 22 /4 respectively. The cytostome was near 
the anterior end but not terminal ; the oral fossa was more 
or less oval, with a single quivering membrane on the right 
side attached to the posterior outer angle of the fossa and 
sometimes springing out of it. 

HaMUxt. — ^Hay irfflisions : PxmJAB, Lahore. 
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Genus GLAUCOMA Ehrenberg, 1830. 

mmcmm, Bhienberg, 1830, p. 42 ; 1838, p. 334 ; Dujardin, 1841, 
p. 476 ; Stein, 1854, p. 250 ; 1869d, p. 74 ; 1867, pp. 92, 123 ; 
Claparfede & Lachmaim, 18S8-61, p. 277 ; Fromentel, 1874, 
p. 188 ; Kent, 1880-2, p. 795 ; ButsohU, 1887-9, p. 1702 ; Koux, 
1901, p. 64 ; Hiokson, 1903, p. 402 ; Minohin, 1912, p. 439 ; 
Calkins, 1926, p. 406 ; Lepsi, 1926 a, p. 53 ; Wenyon, 1926, 
pp. 1183-6 ; Schoeniohen, 1927, p. 203 ; Sandon, 1927, p. 181 ; 
Eeiohenow, 1929, p. 1180 ; Kahl, 1930-6, p. 328. 

Animalcules free-swimming, small to medium-sized, per- 
sistent in shape, generally ellipsoid or egg-shaped, posteriorly- 
rounded, anteriorly somewhat less wide or even pointed. 
Usually somewhat flattened dorso-ventraUy. Dorsal rows of 
oiha not strikingly bent to the right side anteriorly. Some- 
times with a thick covering of triohocysts. CjHiostome in the 
anterior half near the middle of the ventral surface, usually 
obliquely placed in a right anterior to left posterior direction, 
the right margin with a projecting ectoplasmic lip ; inside 
are three ciliary structures — an outer membrane on the left, 
an iimer beneath that, and a three-rowed ciliary band at the 
bottom on the right. Cytopharynx more or less elongated, 
provided with an undulating membrane. Contractile vacuole 
dorsal, median or subterminal. Anal aperture subterminal. 
Maeronudeus central, round, with a micronucleus lying close 
to it. Locomotion constant, moderately quick, often gliding 
on the ventral surface. In soil, pond water or infusions. Feeds 
on bacteria and fine detritus. Can tolerate high concentration 
of carbon dioxide. 

Key to Indian Species. 

1. Body narrowed anteriorly. Oytostome in 

the anterior fourth of the body, not [p. 170. 

obliquely placed. Length 38-75 ft &. pyrifomds (Ehrbg.), 

2. Body broadly oval. Oytostome in the 

anterior third of the body, usually [p. 172. 

obliquely placed. Length 60-86 jii 0. scinHUcms Ehrbg., 

91. Glaneoma pyilformls (Ehrenberg) Schewiakoflf. (Fig. 75.) 

Levcophrya pyrifonrds, Ehrenberg, 1838, pp. 313-13, pi. xxxii, fig. 4. 

Trichoda pyrum, Dujardin, 1841, pp. 397-8. 

Glaucoma pyrijormia, SohewiakofE, 1889, pp. 36-6, pl.iv, fiigs. 34, 35, 
1893. p. 42 ; 1896, pp. 298-9, pi. iv, fig. 104 ; Rous, 1901, 
p. 66, pi. iii, flig. 6 J Faur6-Premiet, 1911, p. 207 ; BuLington, 
1925, p. 273 ; Lepsi, 1926 a, p. 63, figs. 173. 174 ; Wenyon, 1926, 
pp. 1184^6, fig. 502 ; Sandon, 1927, p. 181 ; Schoeniohen, 
1927, p. 303, fig. 727 ; Knowles, 1928, fig. 132. 
^GHaueoma pyriformia, Bhatia & Mullick, 1930, p. 398. 

Okmooma pyriformia, Kahl, 1930-3, p. 330, f^. 58, 13. 

Animalcules firee-swimming, small to medium sized. Body 
pear-shaped, narrowed but rounded anteriorly. Cjrtostome in. 



GLAtrCXJaiA. 



171 



the anterior fourth of the body, oval, elongated in the direction 
of the long axis of the body and not obliquely placed ; sur- 
rounded along the left, anteriorly and on the ri^t by a cap- 
like membrane. Cytopharynx short, provided with a finger- 
shaped, protrusible undulating membrane. Contractile vacu- 
ole single, near the posterior end. Maoronucleus rounded and 
central, with a small micronucleus. 

Dimensions. — ^Length 32-75/i, width 24-47 |Lt. 

Remarks. — ^The specimens met with at Srinagar were some- 
what smaller than the size usually given for the species, 
measuring only about 32 ju. The cytostome in these specimens. 



Fig. 75. 



Fig. 76. 



jir.ojs 





Fig. 75. — GUmaoma pyriformis (Ehrbg.). £, cytostome ; Ma, maero- 
nueleus ; Mi, micronucleus ; M.O.E, external uadulating 
membrane ; M.O.J, internal undulating membrane ; 
JPA, cytopharynx ; V.G, contractile vacuole. (After Roux.) 

Fig. 76. — OikLuaoma scmliUans Ehrbg. Lettering as in the preceding 
figure. (After Eoux.) 



was oval and was provided with an undulating membrane 
attached along the left margin and extending along the 
anterior margin to its right border ; the membrane along the 
right border was broader than that along the left. Body 
ciHa were fine and arranged in longitudinal rows. The 
organism is narrower m front than Q. scintillans, and the 
undulating membrane is better developed on the right side 
of the cytostome. 
Habitat. — ^Pond water : Kashmib, Srinagar. 
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92. Glaucoma scintUlans Ehreaberg. (Fig. 76.) - 

Glatusmna adnUUans, Ekrenberg, 1830, pp. 53, 63, 70, 78, pi. iv, 
fig. 1 ; 1838, p. 336, pi. xxxvi, fig. 5. 

Aoomia owium, Dujardm, 1841, p. 383, pi. vii, fig. 7. 

Aoomia ovata, Dujardin, 1841, p. 383, pi. vi, fig. 12. 

Qlaveoma sditHUans, Dujardin, 1841, pp. 476-7, pi. vi, fig. 13 ; 
pi. vii, fig. 8 ; pi. xiv, fig. 4 ; Stein, 1864, pp. 250-1, pi. vi, 
figs. 45-53 ; 1869 d, pp. 74, 188 ; 1867, pp. 92, 123 ; Schmarda, 
1854, pp. 7, 24 ; Samuelson, 1857, pp. 18-19. 

Parameecium ovale, Clapax^de & Lachmann, 1858-61, p. 269, 
pi. xiv, fig. 1. 

Glaucoma seinUliana, Claparfede & Lachmann, 1858-61, .p. 277 ; 
Pritchaffd, 1861, p. 624, pi, xxviii, figs. 4-7 ; Balbiani, 1861, 
p. 519, pi. ix, figs. 21, 22 ; Diesing, 1866, pp. 76-7 ; Fromentel, 
1874, pp. 188, 306, pi. xvi, fig. 2 ; pi. xxi, 6g. 24 ; Kent, 1880-2, 
pp. 795-6, pi. xiv, figs. 39, 40 ; Maupas, 1883, pp. 465-7, pi. xix, 
figs. 23, 24; 1888, pp. 236-7 ; 1889, pp. 261-3, pi. xv. figs. 66-72 ; 
BiitsoMi, 1887-9, pp. 1346, 1377, 1395, 1417, 1702, pi. Ixii, 
fig. 5, 0-6 ; Sohewiakofl, 1889, pp. 32-5, pl. iv, figs. 47-53 ; 
1893, p. 42 ; 1896, pp. 297-8, pl. iv, fig. 103 ; Roux, 1901, 
p. 54, pl, iii, fig, 6 ; Minehin, 1912, p. 446 ; Prowazek, 1913, 
p. 68. 

•\QUfucoma sdnMUana, Qulati, 1925, p. 748, fig. 12. 

Qlaucorm sdntiUans, Bullington, 1925, p. 272; Calkins, 1926, 
p. 383, fig. 168 ; Lepsi, 1926 a, p. 63, figs. 171, 172 ; Kahl, 1926, 
pp. 348-51, fig. Mj ; 1930-6. p. 329, fig, 58, 3 ; Schoeniohen, 
1927, p. 203, pl. xii, fig, 28 ; Sandon, 1927, p. 181, pl. vi, fig. 8 ; 
Reiohenow, 1929, p. 1180. 

Animalcules free-s-wimming, small to medium-sized. Body- 
broadly oval, anteriorly only slightly narrowed. Slightly 
flattened dorso-ventrally ; ventral surface flattened, dorsal 
conves. Ciliary striations close, cilia short, fine and close- 
set. Cytostome in the anterior third of the body, rather large, 
and somewhat obliquely placed. Undulating membrane 
attached to the left, anterior, and right borders of the aper- 
ture ; continuously moving. Cytopharynx short, shallow 
and sac-like, with a large undulating membrane. Contractile 
vacuole single, posterior. Maoronuoleus spherical, with an 
adjacent micronucleus. Very common in stagnant water. 
Feeds on bacteria. 

Dimensions.— Lmgth 60-80 jti, width 36-56 )ii. 

^eworfe.— Unlike other authors, Gulati shows the macro- 
nucleus as oval and granular in structure. According to him 
the colour of the organism is greenish-white and a large 
number of food-vaouoles are scattered irregularly in the body. 

HabUat. — ^Diteh water : Ptotjab, Lahore. 
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Genus COLPIDIUM Stein, 1860. 

Colpidiwm, Stein, 1860, p. 47 ; Kent, 1S80-2, p. 537 ; Butschli, 
1887-9, p. 1704; Sohewiakoff, 1896, p. 303; Roux, 1901, 
p. 56 ; Hickson, 1903, p. 402 ; Penard, 1922, p. 128 ; Lepsi, 
1926o, p. 53; Calkins, 1926, p. 406; "Wenyon, 1926, p. 1175;. 
Sohoenichen, 1927, p. 207 ; Sandon, 1927, p. 181 ; Beioheaow, 
1929, p. 1180 ; Kahl. 1930-5, p. 333. 

Animalcules free-swimming, small to medium-sized. Body 
oval to kidney-shaped, somewhat compressed ; anterior end 
narrower and curved from left to rigkt, posterior end rounded 
and broader. The dorsal rows of cilia more or less sharply 
bent over to the right anteriorly. Cytostome lateral, trian- 
gular, at some distance from the anterior end, situated in the 
right margin on the ventral surface, and leading into a- 
moderately long, tubular cytopharynx ; provided, as in 
Glaucoma, with a narrow undulating membrane along both 
margins, the right membrane continued into the cytopharynx 
and apparently attached to ■ the dorsal wall. Contractile 
vacuole in the middle of the dorsal border or terminal. Anal 
aperture subterminal, ventral. Maoronucleus single or 
double, rounded or ellipsoid, central, with a micronuoleus 
close by. Fresh water and marine, very common in infusions 
and soils. A facultative anaerobe, developing abundantly 
where oxygen is deficient. 

Key to iTidian Species. 

1 (2). Contractile vacuole in the nxiddle of the 

dorsal side. A diagonal (adoral) depres- 
sion on the anterior fourth of the body [Stein, p. 174. 
dorsaUy. Length 30-150 in. C. coVpoda (Ehrb.) 

2 (1). Contractile vacuole near the right border, 

in the posterior third or qiu^ter of the 
body 3. 

3 (4). Ellipsoidal, rounded at both ends. Length [Bresslau, p. 173. 

S&-120 iL C. camp^^m(Stokes) 

4 (3). !Egg-shaped, more pointed anteriorly. [p. 175. 

Length 3&-50 ii O. striatum, Stokes, 

93. CoIpidlTim campylnm (Stokes) Bresslau. (Fig. 77.) 

TiUma campylum, Stokes, 1886 a, pp. 103-4, pi. i, fig. 12 ; 1888,, 

pp. 44-5, pi. iii, figs. 42, 43. 
GUmooma oolpidium, Sohewiakoff, 1893, p. 48 ; 1896, pp. 300-1, 

pi. iv, fig. 107. 
OoVpidmm campyVum, Bresslau. 1922, pp. 21-8. 
■^CoVpidiiuim oom/pyla, Gulati, 1925, p. 748, fig. 14. 
Colpodi/um oampykim, Lepsi, 1926 a, p. 62, fig. 190 ; Kahl, 1930-5, 

p. 334, fig. 58, ir-19. 

Form very variable according to locality and state of 
nutrition, long finger-shaped to short ovoid, rounded at the 
two ends. Qliary rows wider apart than in C cdtpoda. 
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Dorsal surface shows a more or less distinct bend but never 
an adoral depression. Cytostome and cytopharynx as de- 
scribed for the genus. Contractile vacuole near the right 
margin, in the posterior third or fourth of the body. Macro- 
nucleus spherical, central. Micronucleus close to the macro- 
nucleus or some distance behind. Very common in stagnant 
water, infusions and soil. 

Dimensions. — Length 50-120 /a. 



Fig. 78. 



Fig. 77. 




'Big. 77. — Colpidium oampylum (Stokes), w, conia»otile vacuole ; ek, 

ectoplcvsm ; mi, right tmdulating membrame ; rnl, left 

iindtiLatiitg nietnbrane ; N, macronucleus ; n, micronucleus ; 

nv, food-vacuole ; o, oytostome ; oe, cytopharynx. (After 

SchewiakcfE.) 
Fig. 78.' — CoVpidvwm, eoVpoda (Ehrbg.). A, anus ; B, oytostome ; 

Ma, macronucleus ; MJE, external undulating membrane ; 

Jdi, micronucleus ; M..J, internal undulating membrane ; 

Ph, cytopharynx ; Y.O, contractile vacuole ; F.^, subsidtaiy 

vacuoles. (After Boux.) 

Remarks. — ^This species is usually described as more elongated 
than the other members of the genus. The specimens examined 
at Lahore by Gulati were four times as long as broad and 
measured 70 ju. by 17 jit. Contractile vacuole is shown by birn 
as postero-terminal, and the micronucleus a httle in front 
of it. 

Habitat. — Hay infusion : Pitnjjlb, Lahore. 

Qi. Colpidium colpoda (Ehrenberg) Stein. {IPig. 78.) 

Paramecium colpoda, Bbi^nberg, 1831, p. 114 ; 1833, pp. 174, 324, 

pi. iii, fig. 3 ; 1837. p. 164 ; 1838, p. 352, pi. xxxix, Sg. 9. 
Kolpoda nuyuSus, Dujardin, 1841, pp. 479-81, pi. iv, fig. 29. 
Paramseoiwin colpoda, Clapar^de & Lachmann, 1868-61, p. 267. 
ColpiMmn colpoda. Stein, 1860, p. 47 ; 1867, pp. 69, 118, 1S8, 160. 
CoVpiMum ren. Stein, 1867, p. 41. 
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Oolpidium cuouUtia, Kent, ISSO— 2, pp. d37-8, pi. xzvii, fig. 49. 
Colpidium coVpoda, Maupas, 1883, pp. 459-60, pi. adbc, figs. 30, 31 ; 

1888 a, pp. 235-6 ; 1889, pp. 238-49, pis. xiv-xv, figs. 1-38. 
Glaucoma pyriformis, Gomret & Boeser, 1886, pp. 513-14, pi. xxxiv, 

fig. 6. 
Golpidittm, eolpoda, Butsohli, 1876, pp. 313-15, pi. ix, figs. 7-11 ; 

pi. X, figs. 2ft-8 ; 1887-9, p. 1704, pi. Ixii, fig. 6 ; Sohewiakoff, 

1889, pp. 42-4, pi. V, figs. 65-8 ; 1893, p. 46 ; 1896, pp. 305-6, 

pi. iv, fig. 110, pi. vii, fig. 200 ; Roiix, 1901, p. 57, pi. iii, fig. 10. 
■fColpidium eolpoda, Bhatia, 1920, p. 261. 
Oolpidium eolpoda, Benard, 1922, p. 128, fig. 130. 
fColpidittm eolpoda, Gulati, 1926, p. 749, pi. ii, fig. 15. 
Oolpidium eolpoda, Tuepsi, 1926 a, pp. 61-2, i^s. 188, 189; Schoe- 

nichen, 1927, p. 207, pi. xii, fig. 31 ; Sandon, 1927, p. 182, pi. vi, 

fig. 4 ; KaM, 1930-5, p. 334, fig. 58, 21, 22. 

Body ovoid, anteriorly bent towards the right side. Dorsal 
surface convex, covered with closely situated, longitudinal 
ciliary lines bent over to the right anteriorly ; ventral surface 
presenting a depression or concavity in its anterior part. 
Torsion mentioned by many authors is merely an appearance, 
due to the dorsal rows of cilia on the anterior part being 
prolonged on to the ventral surface, whereby the preoral 
seam is strongly curved to the left. Posterior extremity 
bears some longer cilia in addition to the normal ones. Cyto- 
stome and undulating membranes as described for the genus. 
Contractile vacuole single, situated in the middle of the dorsal 
surface. Macronucleus round or ellipsoid, with a single 
micronucleus. Very common in infusions and soils. 

Dimensions. — ^Length 100-150/*. (Sandon gives 30-45/i ; 
Roux, length 90-120 /a, width 50-80/a.) 

Bemarks. — ^In the forms met with at Lahore the eytostome 
was situated at the bottom of a triangular depression and was 
not followed by a cytopharynx ; both margins of the oral fossa 
bore simple, flap-like undulating membranes. Contractile 
vacuole was postero-terminal. Macronucleus was large, 
rounded, subcentral. 

HaMtat. — ^Infusion of leaves : Punjab, Lahore. 



95. Colpidium striatum Stokes. (Pig. 79.) 

Colpiddum staicdman, Stokes, 1886 a, pp. 103-4, pi. i, fig. 12 ; 1888, 

p. 177, pi. iv, fig. 28. 
j-Oo2pii2ium stHatum, Gulati, 1925, p. 748, fig. 13. 

OoVjpidMim, striatium,, Sandon, 1927, p. 182. 
^OoVpidiwm atricOmn, Hadhava Bao, 1928, p. 114, pi. iii, fig. 5. 

OoVpidium striatium, Kalil, 1930-5, p. 334, fig. 60, 10. 

Body egg-shaped, anterior end narrower than the posterior. 
Cytostome and cytopharynx as described for the genus. 
Contractile vacuole single, near the posterior end. Macro- 
nucleus spherical, central; mi(ax)nucleus small, situated 
a little in front of the macronucleus. 
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Dimensions. — ^Length 35-60 /x.. 

Bemarks. — ^This species is scajcely distinct from C. cambium. 
The specimens found by Giilati at Lahore measiired 35^ by 
17 fi. According to him the cytostome has two undulating 
membranes, only one of which is continued down the ojrto- 
pharynx; the macronuoleus shows a big central chromatin 




Kg. 79. — CoPpidmm striatum Stokes, c.v, contractile vacuole, 
(After Gulati.) 

mass, and the microuTicleus is situated some distajice in &ont 
of the macronuoleus, 

HaAitat. — ^Infusion of dry leaves and hay : Ptjkjab, Lahore. 
Soil : Mysore. 



96. Golpidiam sp, 

^Colpidium sp., Ghaudhuri, 1929, p. Si. 

Eabilat. — Soils from IT.W.iF. PRO-rasroB, Peshawar ; PtrnjAB, 
G-hora Gali ; Kashmib, Srinagar ; United PaoYEsroBS, 
Dehra Dmi, Agra ; Bihab, Patna ; Bengal, Chittagong, 
Dacca ; CETLoisr, Colombo. 



G^us PSPUDOGLAUCOBIA Kahl„1931. 

Paeudoglauarma, Kah], 1930-6, p. 33S. 

Very small to small organisms. Cytostome lies in the right 
margin of the body and shows a proieoting ectoplasmio Hp-like 
'structure'; the oral groove is provided with a membranoid 
series of cilia arising from its left border. 



97. Pseudoglaueoma dlgltata, sp. nov. (Mg. 80.) 

■^QlaMBoma pyrijormia, Bliatia, 1920, p. 261. 

Organisms small. Body pear-shaped. Cytostome in the 
right margin of the body, with a projecting hp-like. structure, 
and a membrane stretching completely across the oral groove. 
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Contractile vacuole single, situated near the middle. Macro- 
nucleus ovoidal, situated about the middle, -with a micro- 
nucleus close beMnd it. 

Dimensions. — ^Length 60 /i. 

Bema/rks. — ^This form, met "with in a pond at Lahore in 
August, 1918, and which I referred -with some hesitation to 
QloMcoma pyriformis, probably belongs to the genus Pseudo- 
ghmcoma recently described by Kahl. This genus differs from 
Glaucoma in possessiag a single strong membrane arising from 
the left border and projecting into a concave ectoplasmic lip- 
like structure. The cjrtostome is situated in the right border, 
as in Golpidium, and not about the middle of the ventral 
surface, as in Glaucoma. 



Fig. 80. 



Fig. 81. 
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Fig. SO. — Pa&udoglav/ioma digiiata, sp. nov. N, macronuolevis ; n, 

mioronucleus ; u.m, -andulatiiig membrane. 
Fig. 81. — Stegochihim ovale Ghosh. (After Ghosh.) 

The animals measure 60/x in length and 30ft in width. 
The form of the body is somewhat pyriform and the ciliation 
uniform, though very fine. Gilia along the margin axe equally 
fin© and rather widely separate from one another. The 
cytostome is situated along the right border, at 9/a from the 
aiuterior end, and the triaii^ular oral fossa is provided with 
a single membrane stretching across it and with a finger-shaped 
projection protruding from its middle. 

It differs from the other species of Psevdoglav^ioma recently 
described by Kahl in its larger size, the position of the con- 
tractile vacuole, and form of the macronucleus. 

Habitat. — ^Pond water : PtJirjAB, Lahore. 
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Genus STEGOCtilLUM Schewiakoff, 1893. 

StegooUlum, SohewiaboflE, 1893, p. 48 ; 1896, p. 282 ; Kahl. 1930-5, 
p. 337. 

Distinguishable from OlavMyma by the absence of the 
■oral funnel and the inner membrane. The outer membrane 
is inserted continuously along the left, anterior and right 
margins, and covers the cytostome anteriorly in a cap-like 
manner. 

98. StegoeWlum ovale Ghosh. (Fig. 81.) 

ItStegoehilwrn ovale, Ghosh, 1921 a, p. 9, fig. 7. 
StegoehiUim ovale, Kahl, 1930-5, p. 337. 

Body elongately oval, wider posteriorly, and rounded at 
both ends. Cj^stome in the anterior half of the body. 
XJndulatiag membrane attached to the left, anterior and right 
margin of the cytostome. No cytophar37nx. Longitudinal 
cihary striae meridional. Contractile vacuole single, central. 
Macronucleus oval, central. Micronucleus at the side of the 
maoronucleus. Size not stated. 

R&narka. — ^The species differs from the other two in the 
genus in its shape and the position of the macronucleus and 
■&ie contractile vacuole. 

Habitat. — ^Vegetable infusions : Bengal, Calcutta. 

Genus UBONEMA Dujardin, 1841. 

Uronema, DujapdiH, 1841, p. S92 ; Kent, 1S80-2, p. 546. 
CryptodhAhim, Maupas, 1883, p. 443 ; Sohewiakoff, 1896, p. 284, 
Ur<mema, Biitsohli, 1887-9, p. 1705 ; SehewiabofE, 1896, p. 280 ; 

Boux, 1901, p. 62; Hickson, 1903, p. 402; Fenard, 1922, 

pp. Ill-li:? ; CaJkiiiB, 1926, p. 405 ; Wenyon, 1926, pp.. 1180-3 ; 

Lepsi, 1926 a, p. 51 ; Sehoeniohen, 1927, p. 208 ; Knowles, 

1928, p. S22 ; EaiM, 1930-5, p. 355. 

Body egg-staped or elongated, not strongly flattened. 
Ventral surface with a depression in. the neighbourhood of 
the cytostome. Body covered with fine cilia, longitudinal stria- 
tions strongly marked. Anteriorly ati imciliated frontal 
pole. Prom the anterior' end a faint groove runs back to the 
cytostome, the right margin of the groove being provided with 
stronger ciKa. Posterior end of the body provided with a long 
caudal seta. Oral aperture oval in the direction of tiie long 
axis of the animal; with an undulating membrane along its 
left margin and a row of special cilia along the right. Cyto- 
pharynx absent. Contractile vacuole single, posterior. Macro- 
nucleus spherical, central, with a micronucleus adjacent to it. 
Locomotion swift, with rotation on its long axis. Feeds on 
bacteria, algae and detritus. 
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'99. TJronema aocumlnatum Madhava Rao. (Mg. 82.) 

'\Vronema aceuminata, Madhava Rao, 1928, p. 115, pi. iii, fig. 1. 

Allied to U. marinum. 
Dimensions. — ^Length 50/t. 

Remarks. — ^Madhava Rao has recorded this species mthout 
mentioning the name of the author of the species. He gives 



Fig. 83. 



Kg. 82. 





"Fig. 82. — Vrcnema cusauanAnatvm Madhava Rao. (After Madhava Rao.) 
Fig. 83. — Vronema maermum Duj. B, ojrtostonie ; Ma, macronucleus ; 

Mi, micronucleiis ; M.O, undulating xaembrane ; 17.0, 

contractile vacuole. (After Roux.) 

no descaiption, and from the figure given it is impossible to 
ascertain if the organism belongs to Uronema at all. 
Habitat. — Soil : Mysore. 



100. Uionema maiinum Dujardin. (Fig. 83.) 

Vronema mamvum, Dujardin, 1841, p. 392, pi. vii, fig. 13. 

Vronema mcutvna, Cohn, 1866, pp. 276-6, pi. xv, £%. 53. 

Vronema marmnim, Kent, 1880-2, p. 546, pi. xxvii, figs. 60 & 61. 

CryptocMltum nigricans, Maupas, 1883. 

Vronema marina, Maupas, 1883, p. 618 ; Butsohli, 1887-9. 
pp. 1704r-5, pi. Ixiv, Sg. 1 J Sohewiakoff, 1889. pp. 44.-5, pi. v 
figs. 69-71 ; 1893, p. 47 ; 1896. pp. 281-2, pi. iv, fig. 92 j Rous 
1901, p. 52, pi. iii, fig. 2 ; Lepsi, 1926 a, p. 59, figs. 195, 196 ; 

n2 
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Wenyoa, 1926, p. 1182, fig. 500 B; Sohoenichen, 1927, p. 209, 
pi. xii, fig. 34. 
Loxocephali,is puirmua, Kahl, 1926. 

fVronema marina, Madhava Bao, 1928, p. 114, pi. iii, flg. 2. 
Vromma ma/rimmi, Kahl, 1930-5, p. 356, flg. 60, 21, 22, 24. 

Very small to small. Body elongated, ellipsoidal ia shape, 
■with slight lateral compression. Ciha arranged unifoi-mly 
in longitudinal rows ; a single long bristle at the posterior end. 
Cytostome a longitudinal oval opening on the ventral surface 
in the anterior part of the body, -with a row of closely-set cilia 
on the right border and an undulating membrane on the left. 
No cytopharynx. Contractile vacuole single, posterior. 
Macronucleus spherical, central ; mioronucleus adjacent. 
Movements rapid, rotating on the long asds. 

Dimensions. — ^Length 30-60 /a. 

Bema/rTcs. — ^Madhava Rao records U. marina without naming 
the author of the species. From his brief description it is 
inferred that JJ. marinum Duj. is intended. He mentions 
that the ventral side is almost straight from the mouth to 
the front and drawn out, the dorsal side being curved. CiHa 
are described as short and thick, though fine and close-set 
cilia are characteristic of the species, and his figure shows 
fairly long cilia. 

Habitat. — Soil : Mysore. 



2. Family OPHRYOGLENID^E Kent, 1882, 
emend. Kahl, 1931. 

Body ciliated on all sides, with a peristome. The peristome 
runs as a sickle-shaped ciliated cleft, perpendicular to the 
surface of the body, into the depressed oral aperture. An 
hourglass-shaped body lies in front of the anterior end of th& 
peristomial cleft. 

The family includes the single genus Ophryogkna. 

Genus OPHRYOGLENA Ehrenberg, 1831. 

Ophryoglma, Ehrenberg, 1831, p. 117 ,* 1838, p. 360. 

Otostoma, Carter, 1856 a, pi. jx, figs. 6-8 ; 1866 6, p. 119. 

OphryogUna, Clapar^de & Laohmaim, 1858-61, p. 266. 

Panophrys, Stein, 1860 a, p. 61. 

Otostoma, Kent, 1880-2, p. 500. 

Ophryoglma, Biitsohli, 1887-9, p. 1703 ; Sohewiakofl, 1896, p. 317 ; 
Roux, 1901, p. 60; Hiokson, 1903, p. 402; Penard, 1922, 
pp. 146-152 ; Calkins, 1926, p. 406 ; Sohoenichen, 1927, p. 205 ; 
Beichenow, 1929, p. 1180 ; KaM, 1930-5, p. 360. 

Body oval, often dorso-ventrally flattened. CSlia fine, 
close and imiform, in longitudinal rows meeting in front of 
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the cytostome. Sometimes exhibiting a buccal area with 
special cilia. Cs^stome on the anterior part of the ventral 
surface ; an elongated oval slit, semilunar, -with concavity 
towards the left ; its right border provided with special cilia, 
which foUow a spiral direction. Cytopharynx with narrow 
undulating membrane. To the left of the cytostome is an 
organ of unknown function, of a semilunar form, called the 
" hour-glass organ." A pigment spot sometimes present in 
the anterior part of the body. Contractile vacuoles varying 
in number and position. Macronuoleus of variable form. 
Locomotion swift, uninterrupted by rotation on the long axis. 
Feeds on detritus or fat-globules. 



101. Ophryoglena flava (Ehrenberg). (Fig. 84.) 

Bursaria flam, Ehrenberg, 1833, p. 233 ; 1838, p. 330, pi. xxzv, 
flg.2. 

Panophrya flava, Dujardin, 1841, p. 494. 
^Otostoma sp.. Carter, 1856 o, pi. ix, figs. 6-8 ; 1856 6, p. 119. 

Panophrys flava, St^n, 1860 o, p. 61. 

OphryogUna flava, Olapar&de & Laohmann, 1858-61, pp. 257-8. 

Bursaria fl,ama. Stein, 1867, pp. 44, 67, 92. 
■\Otostoina cart&ri, Kent, 1880-2, p. 500, pi. xxvi, figs. 55-8; 

Panophrys flava, Kent, 1880-2, p. 534. 

Ophryoglena flava, Butschli, 1887-9, pp. 1703—4, pi. Ixi, fig. 11, 
pi. bdi, fig. 2; SohewiakofE, 1893, p. 46; Roux, 1901, p. 61, 
pi. iii, fig. 16 ; Penard, 1922, pp. 145-8, fig. 143 ; Calkins, 1926, 
p. 383, fig. 168 ; Lepsi, 1926 a, p. 56, fig. 184 ; Schoenichen, 
1927, p. 206 ; Reichenow, 1929, pp. 166, 1180, fig. 200 j Kaiil, 
1930-5, p. 361, fig. 61, 39. 

Very large. Body elongated oval, rounded at both extremi- 
ties. Cytostome well developed, situated iu a depression 
on the ventral surface at about one-third of the length of 
the body from the anterior end. Cj^pharynx ear-shaped, 
loDigitudmaUy plicate, recurved and narrower at its posterior 
extremity. Anal aperture postero-terminal. Cilia of outicular 
surface short, even, and disposed in fine, parallel, longitudinal 
lines. Contractile vacuoles two, one in the anterior and 
the other in the posterior part of the body, with long, narrow 
radiating canals. Macronucleus elongated, elliptical or 
fusiform, placed obliquely about the middle. 

Dimensicms. — ^Length 250-400/i. Penard gives SOOjn, Boux 
560/i. 

Bemarks. — Carter gave a brief description of this form from 
Bombay, and Kent subsequently named it Otostoma cart&ri. 
Later authorities have considered it to be identical with 
Ophryoglena flava (Ehrbg.). O. flava is usually described as 
narrower and pointed posteriorly, but Carter's form is described 
and figured as narrower anteriorly. Carter made the interesting 
observation that the organism encysts within the intemodes 
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of semi-decayed Nitdla, and segments into two, four, or eight, 
individuals, which are subsequently liberated from the cyst. 
Habitat.— Fieah water, among Nitella : Bombay, Bombay. 
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Fig. 84. — Ojj^rj/ojrZeno JJcwo (Ehrbg.). ^.£, buccal area ; B, oytostome j 
C.V.C, radiating canal ; Ma, macronuoleus ; Mi, micro- 
nudeus ; M.O, undulating membrane j- O, bour-glass 
organ. ; Ph, cytopharynx ; V.C, contractile vacuoles. 
(Aiter Jlonx.) 



3. Family PLEURONEMATID^ Kent, 1882. 

Body with long cilia, longer or more powerful in the anterior 
region. Peristome extends along the surface of the body 
from the anterior pole to the oral aperture. Peristomial plate 
bears along the right border an undulating membrane, which 
surrounds the hinder margin of the oral aperture like a pocket. 
Left peristomial border bears a eUiary row or membrane. 

Key to Indian Chnera. 

\ (2). Peristomial groove small, at the anterior [p. 186. 

end BaTiAtwcioi'hobtjs, 

9(1). Peristomial groove reaching at least up 

to the middle of the body 3. 

3 (4). Iiarge size, 70-188 /*, peristome be- 

ginning near the anterior end and witix 
a semicirpular excavation on the left 
near the oytostome PLEtJBOiraMA, p. 184. 

4 (3). Small size, rarely a little more than 50 ju, 

without a semicircular excavation of 

the peristome near the eytostome Cyoledium, p. 183. 



Genus CYCUDIUM HiU, 0. F. MiiUer, 1773. 

OyaUdmm, HiU, 1752 ; O. F. MiiHer, 1778, pp. xxvii & 49. 

Oyclddvwm, part, Ehrenbeig, 1838, p. 245. 

Oydidiuin, ClapaorMe & Lachinanii, 1858-$1, p. 271 ; Stein, 1867,. 
p. 160 ; Fromentel, 1874, p. 189 ; K«nt, 1880-2, p, 544 ; 
Biitsohli, 1887-9, p. 1718 ; SohewiakoS, 1896, p. 357 ; Boxix, 
1901, p. 73; Hiekson, 1903, pp. 401, 403; Calkins, 1926, 
pp. 385, 407, fig. 169 ; Lepsi, 1926 a. p. 48 ; Wenyon, 1926, 
p. 1183 ; Schoenichen, 1927, p. 216 ; Keichenow, 1929, p. 1180 ; 
Kahl, 1930-5, p. 376. 

Small to very small, ovoid, with one or more long caudal 
setse at the posterior extremity. An unciliated, distinctly 
truncated jfrontal plate is always present anteriorly. Peri- 
stomial groove generally extending to two-thirds of the length 
of the body, wider posteriorly. Right peristomial margin 
with membrane which encloses the small oral groove Wss 
a pocket, the entrance to which is provided with preoral 
oiha. The left margin of the peristome bears either free cilia 
or a membrane, which becomes continuous behind with the 
membrane arising from the right side. Contractile vacuole 
single, posterior. Macronuoleus spherical with an adjacent 
micronucleus. 

102. Cyelidium glaucoma 0. F. Miiller. (Fig. 85.) 

CydUdMmti glcmooma, O. F. SCiiller, 1786, p. 80, pi. 3d, figs. 6-8 j 

Ehrenberg, 1829, pp. 10, 11, 15, 19, 20; 1838, pp. 245-6, 

pi. xxii, fig. 1. 
Alyscum aalicma, Bujordjn, 1841, p. 391, pi. vi, fig. 3. 
Enohelya nodailosa, Dujardin, 1841, p. 389, pi. vi, fig. 2, pi. vii, fig. 9. 
Aeomia cydLidiwm, Dujardin, 1841, p. 382, pi. vii, fig. 5. 
OyoUdiwn glauooma, Clapar6de & Laclunann, 1858-61, pp. 272-3. 
Pleuronema (^dUMum, ClaparMe & Iiaoltma.rm, 1858-61, p. 276, 

pi. xiv, fig. 6. 
CydAdium, gt/xuaoma. Stein, 1860 a, p. 59 ; 1867, p. 169. 
OyolMmmn nigricana, Fromentel, 1874, p. 307, pi. iii, fig. 10. 
CydMivim gUviuxma, Blent, 1880-2, pp. 644-6, pi. zzvii, figs. 57, 68; 

Qourret & Roesser, 1886, pp. 479-80, pi. x^x, figs. 11, 12, 

pi. XXX, fig. 1 ; Butaohli, 1887-9, pp. 1713-14, p],. bdv, fig. 8 ; 

Stokes, 1888, p. 183 ; ' Maupas, 1889, pp. 271-2, pi. xvi, fig. 14 ; 

SchewiakofE, 1889, pp. 60-2, pi. vii, figs. 94-6 ; 1893, p. 54 j 

1896, pp. 369-61, pi. v, fig. 133 ; Roux, 1901, p. 74, pi. iv, 

fife. 11. 
\OydidAvmk, glcMOoma, Bhatia, 1922, p. 30. 

OycHMiwm glauooma, Penard, 1922, pp. 180-1, fig. 180. 
■\CyeUdMmi, glavcoma, Giilati, 1925, p. 750, fig. 19. 
OydlAivuim, glauooma, Lepsi, 1926 a, p. 54, fig. 241 ; Wenyon, 1926, 

p. 1182, fig. 500 A ; Schoenichen, 1927, p. 216, pi. xii, fig. 46 ; 

Sandon, 1927, p. 186 ; Thomson & Robertson, 1939, p. 278, 

fig. 187, 2. 
^OydtUlimm glauoonnq,, Chaudhuri, 1929^ p. 64. 
GycHidAum gUaiooma, KaM, 1930-6, p. 876, fig. 64, S!6. 

Very small. Body ovate, compressed, a little over twice 
as long as broad ; cuticular surface longitudinally striate. 
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Cilia of the general surface of the body long and fine, with 
a single very long and conspicuous caudal seta. Contractile 
vacuole postero-terminal. Macronucleus spheroidal, central, 
with an adjacent micronuoleus. Locomotion jerky. In pond 
water and infusions. 

Dimensions. — ^Length 18-24 /i, width 10-12 |U,. 

Remarks. — Specimens found at Lahore measured on an 
Average IB^u ia length. The peristome did not extend much 
behind the middle of the body and the imdulating membrane 
was large, hood-like and extensile. 

HaJbitat. — ^Pond water : Punjab, Lahore ; soil : Bengal, 
Sibpore. 

Fig. 85. Fig. 86. 




Pig. 85. — OyeZidnem gkmcoma O. P. Mull. B, oytostome ; Ma, 
macronucleus ; Mi, micronuoleius ; M.O, undulating zaem- 
brane ; P.E, excretory pore ; V.G, oontraotile vacuole. 
(After B.OUZ.) 

Kg. 86. — Plevronema c^ryadUa (O. F. MuU.). Tr; triohocysts ; other 
lettering as ia fig. 85. (After Boux.) 



Genus PLEUROKEMA Dujardin, 1841. 

PUuronema, Dujordm, 1841, p, 474; ClaporMe & Lachmann, 
1858-61, p. 274 ; Stein, 1867, p. 159 ; Fromentel, 1874, p. 186 ; 
Kent, 1880-2, p. 542 ; Butschli, 1887-9, p. 1713 ; SchewiaJioS, 
1896, p. 354 ; Boux, 1901, p. 71 ; Hiokson. 1903, pp. 401, 
403 ; Minohin, 1912, pp. 439, 442 ; Lepsi, 1926 a, p. 48 ; Wenyon, 
1926, p. 1183 ; Sohoeniohen, 1927, p. 214 ; Sandou, 1927, p. 186 ; 
Beichenow, 1929, p. 1180 ; Kahl, 1930-6, p. 387. 

Body persistently egg-shaped, only slightly flattened 
laterally ; anterior end somewhat narrower than the posterior. 
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Body covered uniformly with long, fine bristle-like cilia, 
arranged in longitudinal liaes which converge below the 
peristome. Peristome occupying nearly the whole of the 
ventral surface, beginning near the anterior extremity and 
widening behind, extending along three-fouxths of the entire 
length of the body, and posteriorly strongly excavated along 
the left side. Cytostome small, at the posterior extremity 
of the peristome near the left border. C^rtopharynx absent. 
IVom the left border of the peristome arises a large and broad 
undulating membrajie which, passing along the posterior side 
•of the fossa, extends along the right side of the peristome. 
•Contractile vacuole single, posterior, dorsal. Macronuoleus 
large, spherical, situated in the anterior part of the body, with 
a single micronucleus. Movements irregular, during the course 
of which the membrane can be drawn into the peristome ; 
rotation on its long axis, suddenly stopping for longer or shorter 
intervals, in the course of which the membrane is extended. 
Feeding on organic debris and bacteria. In pond water. Not 
common in soils. 

Pfewrowewia is recognizable from the other genera of the 
family chiefly by its larger size and by the possession of 
a semicircular excavation of the peristome in the neighbourhood 
of the cytostom.e. 

103. Pleuronema chrysalis (O. F. MuUer). (Kg. 86.) 

PcmrnnostAwm chrysalis, O. F. Muller, 1786, p. 90, pi. xij, figs. 15-20. 
Pca'ameoi%mi cJwysaUs, Ehreaberg, 1829, pp. 7, 10, 17, 20 ; 1830, 

pp. 23, 43, 64, 56, 65, 78, pi. iv. flg. 2; 1831. p. 114; 1835, 

p. 164 ; 1838, p. 35S, pi. xxxix, %. 8. 
PUvronema crasaa, Dujardja, 1841, pp. 474-5, pi. vi, fig. 1, pi. xiv, 

fig. 2. 
Pleuaronema nua/rina, Dujardin, 1841, p. 475, pi. xiv, fig. 3. 
PUwronema chrysalis, Perty, 1852, p. 146 ; Olaparfede & Lach- 

mann, 1858-61, pp. 274^6, pi. xiv, fiig. 8 ; Stein, 1859 d, pp. 61, 

62, 73, 77 ; 1860 a, p. 58 ; 1867, p. 159 ; Fromeutel, 1874, 

p. 401, pi. xxi, fig. 10, pi. xxii, fig. 16 ; Kent, 1880-2, p. 543, 

pi. xxvii, fig. 65. 
P&iaronema coronata, Kent, 1880-2, p. 544, pi. xxvii, fig. 66. 
PUnrortema chrysalis, Butsohli, 1887-9, p. 1713, pi. bav, fig. 6 ; 

SohewiakofE, 1889, pp. 68-80, pi. vii, figs. 92, 93 ; 1893, pp. 53-4; 

1896, pp. 356-7, pi. v, fig. 132; Boux, 1901, p. 71, pi. iv, 

fig. 9 ; iliokson, 1903, fig. 52 ; Minohin, 1912, p. 66, fig. 27. 
^Pleuronema akrysaUs, Ghosh, 1921 a, p. 10. 
Plettronema chrysaKs, Lepsi, 1926 a, p. 54, fig. 236 ; Calkins, 

1926, p. 385, fig. 169; Sandon, 1927, p. 186; Sohoeniohea, 

1927, p. 215, pi. xii, fig. 44 ; Beiohenow, 1929, pp. 178, 1180, 
fig. 207 ; Kafal, 1930-5, pp. 387-8, fig. 65, 23. 

Small to medium-sized. Body irregularly egg-shaped, 
more or less flattened laterally, right margin straight, left 
convex, anteriorly narrowed, rounded at both extremities. 
Long and fine dMa in even longitudinal rows over the whole 
outieular surface, cilia at the posterior end not specially 
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^Jongated. Left border of the peristome deeply excavated 
posteriorly. Undulating membrane narrow anteriorly and 
rapidly wideoaing posteriorly, equal in width to the body when 
fully extended. Contractile vacuole single, postero-dorsal. 
Macronucleus large, spherical, anterior to Qie middle, with an 
adjacent micronuoleus. Mostly remains quiet ; when dis- 
turbed shows swifb, straight locomotion. 

Dimensions. — ^Length 70-120/i. 

Remarks.— TLeat considers this species identical with 
Paramecium chrysalis Ehrenberg. Kahl remarks that Para- 
mecium ch/iysalis 0. F. Muller is undoubtedly a true Para- 
mecium, and so is Ehrenberg's form of that name described in 
1831. Ehrenberg later removed it to PleuroneTna. If 
Paramecium chrysalis of O. E. Muller and Ehrenburg are not 
to be placed ia the genus Plev/ronema the correct name of the 
above species would be Pleuronema crassa Dujaardin. 

The contractile vacuole is stated by Kent to be situated 
anteriorly. He also states that the oral fossa is followed by 
a tubular pharyngeal passage. In both these characters de- 
scriptions given by other authors diEFer from Kent. Sandon, 
in his description of the genus, says " undulating membrane 
sometimes withdrawn into pharynx while animal is not 
feeding; mouth at posterior end of peristome without 
pharynx." He probably means that the membrane is with- 
drawn into the peristome, as there is no pharynx. 
Habitca. — ^Hay infusions : Bengal, Calcutta. 

104. Pleuronema sp. 

■\PUw:<mema sp., Saadon, 1927, p, 186. 

Habitat. — Doubtfully recorded from culture &om a soil, 
from BnKMA, Hmawbi. 

105. Pleuronema sp. 

tPtewonemo sp., Chaudhuxi, 1929, p. 64. 

Habitat. — ^In soil. The locality is not indicated in Table III 
of Chaudhuri's paper. 



Genus BALANTIOPHORUS SehewiakoflF, 1889. 

Balaniioph,onia, SohewiakofE, 1889, p. 64 ; 1893, p. 56 ; 1896, p. 365 ;, 
Boux, 1901, p. 75,! Lepsi, 1926 o, p. 52; Sohoepioben., 1927, 
p. 214 ; Sandon, 1927, p. 187. 

GkMooma, pairt, Kabl, 1930-S, p. 332. 

Xspejow. part, Kahl, 1930-5, p. 337. 

Oyrtolopho^U, KaJiJ, 1930-5, p. 363. 

Body transparent, elongated egg-shaped, rounded at botii 
ends ; dcKTsal side more convex than the ventral. Cilia 
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fine, often longer at the anterior end. Peristome short,, 
confined to the anterior portion of the ventral surface. Left, 
•posterior and right margins of the peristome with a bag-like 
imdiilating membrane, which can be withdrawn into the 
peristome. Contractile vacuole posterior. Macronuoleus ovoid, 
central. Locomotion very lively, with rotation. Feeds on 
bacteria. 

Remarks. — ^Kahl thinks that the genus BaUxntiophorua was 
wrongly established by Schewiakoff for certain species which 
had already been described and placed in the genus Gyrtolo- 
pJiosis Stokes, 1888. As Stokes' work is not available to me 
and the generic name Cyrtolophosis is not noted in the ' Zoologi- 
cal Biccord,' I am retaining Balantiaphorus as a generic name. 

Key to Indian Species. 

1. Body elongate and rather narrow. Cilia [p. 187. 

sparsely scattered B. elongahts Schew., 

2. Body shorter and broader. Cilia arraiiged [p. 187. 

in longitudinal rows B. mi/mitus Schew., 

106. Balantlophoms elongatos Schewiakoff. (Fig. 87.) 

Bakmtiophonia elongatii8,Sch.&wiak.oS, 1893, pp. 56-7, pi. iv, fig. 50 j 

1896, p. 368, pi. vi, fig. 139 ; liepsi, 1926 a, p. 61, fig. 256. 
■fBalcmtiop?ionts ehngatus, Sandon, 1927, p. 187, pi. vi, fig. 7 ; 
Chaudhuri, 1929, p. 60, pi. ii, figs. 32-3. 
Oyrtolophoaia elongata, Kam, 1930-5, p. 354, fig. 61, S. 

Very small. Shape elongate and rather narrow. Cilia 
long, sparsely scattered and not arranged in longitudinal 
rows. Peristome short, occupying only the anterior part of 
the ventral surface. Contractile vacuole single, posterior. 
Macronuoleus oval, central, with a small micronucleus. A 
common soil CiUate. 

Dimensions. — ^Length 28-30j(*, width 10^. 

Eabitat. — Soils from Kashmib, Srinagar ; N.W.F. Pbo- 
vmcB, Peshawar ; Punjab, Gurdaspur, Jullundhur, Lahore, 
Ghora Gali ; United Peovinobs, Agra, Benares ; Bombay, 
Dharwar : Cbntbat. India, Indore ; Madeas, Kanara ; 
Bengal, Cuttack, Sibpore, Calcutta, Chittagong ; Bihar,, 
Patna ; Assam, Cinnamara (near Jorhat) ; Ceylon, Colombo. 

107. Balantiophoros minutus Schewiakoff. (Fig. 88.) 

Balantiophonu mimttua, Schewiakofi, 1889, pp. 64-5, pi. vii,. 
figs. 99-101 ; 1893, p. 56 ; 1896, pp. 367-8, pi. vi. fig. 138 ; 
Roux, 1901, p. 75, pi. iv, fig. 14 ; Lepsi, 1926 a, p. 61, fig. 255 ; 
Schoenichen, 1927, p. 214, fig. 737. 
^BtUantiophorua mmutus, Sandon, 1927, p. 188 ; Chaudhuri, 
1929, p. 60, pi. ii, figs. 17-19. 
Oyrtolophosis mucieola, Kahl, 1930-6, p. 364, fig. 61, 2. 

Very small. Body ovoid, very narrow in front, broadly 
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rounded posteriorly. Cilia short, uniform, arranged in 
distinct longitudinal rows. Contractile vacuole postero- 
lateral. Macronucleus spherical, central, with a small micro- 
nucleus. 

Dimensions. — ^Length 24-28 jit, width 9-12 ju.. 

Remarks. — B. minvtus is shorter and broader than 
B. dongaius, and is further distinguished by the cilia being 
more numerous and arranged in distinct longitudinal rows. 



Fig. 87. 



Fig. 88. 
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Fig. 87. — Balaniiophorua elongatua Sohew. c«, oontraotile vacuole ; 
elc, ectoplasm ; m, oytostome ; N, macronucleus ; n, micro- 
nucleus. (After Sohewiakofi.) 

Fig. 88. — BaUmtAophorua miwuMis Sohew. a, anus ; co, contractile 
vacuole ; eh, ectoplasm ; m, o3rfcostome ; N, macronucleus ; 
n, mioronucleus ; nh, food- vacuole. (After SclieTiriakofi.) 

Habitat. — Soils from N.W.F. Pbovincb, Peshawar ; Ptnsr- 
JAB, Lahore, Jullundhur ; United Pbovinoes, Dehra Dun ; 
Bombay, Dharwar ; Madras, Coimbatore ; Bihak, Patna ; 
BsNGAi, Sibpore, Calcutta, Chittagong. 



108. Balantiophorus sp. 

■'{Bakmiiophorus sp., Chaudhtiri, 1929, p. 54. 
Eabitai. — Soils from Punjab, Lahore ; Ceylon, Colombo. 
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4. Family UROCENTRIDiE Claparede & 
Lachmaim, 1858. 

Body cylindrical or baorel-sliaped, with cilia confined to 
two or three ciliary girdles, with or without a tuft of oaucUiI 
cilia. Cytostome obliquely placed about the middle. Cyto- 
pharynx with undulating membranes and free cilia. Con- 
tractile vacuole single, terminal. Macronuoleus horseshoe- 
shaped. 

Key to I-ndian Oenera. 

1. With three ciliaiy girdles and a caudal tiifl. tTEOOENTE-OM, p. 189. 

2. With two ciliaxy girdles, aad without a [p. 191. 

caudal tuft TEiiOTEic mm u m , 



Genus UROCENTRUM Nitzsch, 1817. 

Crocenintm, Nitzsoh, 1817, p. 4; 1827, p. 68 ; Ehrenberg, 1838, 
p. 268 ; Dujardin, 1841, p. 531 ; Clapai^de & Laohmann, 1858- 
61, p. 134 ; Stein, 1867, p. 161 ; Kent, 1880-2, p. 641 ; Butsohli, 
1887-9, p. 1711 ; SohewiakofE, 1896, p. 344 ; Roux, 1901, 
p. 69 ; Hiokson, 1903, p. 403 ; Calkins, 1926, p. 406 ; Lepsi, 
1926 o, p. 49; Schoemchen, 1927, p. 212; Eeiehenow, 1929, 
p. 105 ; Kahl, 1930-^, p. 354. 

Flexible. Body almost cylindrical, barrel-shaped, rounded 
anteriorly and posteriorly. With three eihary girdles, the 
anterior and posterior broad, and a narrow one of shorter 
dlia in the middle ; posteriorly a ciliary tuft, and a eihary 
row along the right margin. Peristomial furrow narrow, 
narrowing fromt the posterior end to the middle of the body, 
where the cjrtostome is situated. Cytostome obhquely placed. 
Cytopharynx with a row of longer cilia along its dorsal wall. 
Contractile vacuole terminal, with four or eight elongated 
canals. Macronuoleus horseshoe-shaped. Anus posterior. 
Locomotion swift, with rotation on its long axis and frequent 
changes of direction. 



109. Urocentrum turbo (0. F. Miiller). (Fig. 89.) 

Cerocma turbo, O. F. Muller, 1786, pp. 123-4, pi. xviii, flgs. 13-16. 
Urocenirum tuirbo, Nitzsch, 1817, p. 4 ; 1827, p. 68 ; Ehrenberg, 
1830, p. 66 ; 1838, p. 268, pi. xxiv, fig. 7 ; Dujardin, 1841, 
pp. 531-2 ; Ciapaxhde & Lachmaon, 1868-61, pp. 134-5 ; 
Stein, 1859 d, p. 73 ; 1867, pp. 69, 118, 148 : Pritohard, 1861. 
p. 684, pi. X, fljgs. 231, 232. 
^Urocentmm turbo. Cart*, 186S, pp. 399-402. 
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Uroeemrum iurbo, Fromentel, 1874, pp. 259-60, pi. xxiv, figs. 6, 
5 a ; Kent, 1880-2, pp. 641-3, pi. xxxiii, fi^. 7-10 ; Entz, 
1882, pp. 179-89, pi. viii, figs. 12-14; Batsehli, 1887-9, 
pp. 1711-12, pi. ixiv, fig. 15; Sohewiakofi, 1889, pp. 49-64, 
pi. vi, figs. 7e-86 ; 1893, p. 53 ; 1896. pp. 347-8, pi. v, fig. 130, 
pi. vi, fig. 163, pi. vii, figs. 166-8, 186, 190, 205 ; Roux, 1901, 
p. 70. pi. iv, fig. 7. 
■fVrocenirvm turbo, Q-ulati, 1925, p. 749, pi. ii, fig. 17. 
Urocmtrum iurbo, BuUington, 1925, pp. 224, 269 ; Lepsi, 1926 a, 
p. 56, fig. 234 ; Calkins, 1926, p. 383, fig. 168 d ; Sohoeniohen, 
1927, p. 213, pi. xii, fig. 42. 
^Urooentrum turbo, Bhatia & Mnlliok, 1980, pp. 398-9. 
Urooentrim turbo, Kaid, 1030-6, pp. 364-5, fig. 61, 26 & 26 a. 

Body flexible and iinevenly cylindrical, rounded at both 
ends. Three ciliary girdles, the anterior very wide, the 




-t?ei? 



Fig. 89. — Urocenlrum turbo (O. F. Mtfll.). adZ, adoral zone ; al, alveolar 
layer ; ceo, radial canal ; cp, peUicle ; or, caudal ciliaiy 
tuft ; d), oontraotile vacuole ; en, endoplafiin ; F, furrow ; 
HW, poaterior ciliary girdle ; mW, middle ciliary girdle ; N, 
maoronuclens ; n, micronuicleus ; «», food-va^uole j o, 
cytostome ; oe, oytopharyns: ; pe, excretory pore ; Vw, 
aaterior ciliary girdle. (After SchewiakoS.) 

posterior less so, and the one ronnd the middle narrow and 
consisting of very short oUia. Cytostome ofeliqtiely placed just 
behind the middle dliary girdle ; a narrow furrow extends 
backwards from it to the hinder end of the body. Con- 
tractile vacuole single, posterior. Macronuoleus horseshoe- 
shaped, with two spherical extremities, placed horizontally 
across the posterior region of the body, with a single micro- 
nucleus lying about its middle. 

Dimensions. — Usually 50-80 /x, rarely 80-HO/x., in length. 

Remarks. — ^The organisms were found at Srinagar in pond 
water overgrown witii Lemma. They became very abundant 
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in a jar containing pond water richly covered with Lemna 
during the course of two or three days, but a little later they 
became very scarce again. Specimens were unusually small, 
varying from 33;[t to 60 fi. The body appeared to be divided 
into two regions by a constriction in the middle. The posterior 
region was narrower and provided with a long, flattened and 
^flexible caudal appendage, formed of a bimdle of cilia ; in 
some specimens tibis appendage was either not present or. 
was seen to be curved up over the body. The anterior part of 
the body was vacuolated. Trichocysts were very abxmdant 
and distributed all over the body. 

Kahl describes in the cjrtopharynx a stiff ectoplasmic mem- 
brane which divides the fimnel into an anterior portion (with 
•two undulating membranes) and a posterior portion (with 
basal ciliary field). The contractile vacuole is usually de- 
scribed as possessing four radiating canals, but according to 
Kahl there are eight, reaching the middle of the body. 

HaMtat. — ^Pond water : KiSHMiR, Srinagar ; Pus-jab, 
iahore. IVesh water : Bombay. 



Genus TBLOTRICHIDIUM Kent, 1880-2. 

TelotrioMdium Kent, 1880-2, p. 643 ; Btltsohli, 1887-9, p. 1764 ; 
Lerpsi, 1926 a, p. 18 ; Kahl, 1930-5, p. 663. 

Free-swimming, ovate or campanulate, possessing no caudal 
appendage. Ciliary girdles two in number. Oral aperture 
v^entral, immediately behind the anterior wreath of dlia. 
Anal aperture postero-terminal. Contractile vacuole and 
macronuoleus conspicuously developed. Multiplying by longi- 
tudinal fission. 



110. Telotrfehldlum matthaii Gulati. (Fig. 90.) 

2'eto*recA«jfw»n natOiaii*, Gulati, 1925, p. 749, pi. ii, fig. 18. 
TeUftnOiidium nathaei. Kail, 1930-6, p. 663. 

Animalcules entirely free-swimming, ovate, campanulate 
■or subquadrate, with a convex anterior margin and a retractile, 
knob-like projection protruded as3Tnmetrically on one side of 
the posterior margin. Ciha restricted to two girdles, each 
consisting of a single row ; posterior girdle hidden from view 
on retraction. (>^stome in the middle of the body on the 
ventral side, followed by a ciliated oytopharynx. Anus 
situated close to the posterior projection. Contractile vacuoles 
one or two, lying in the neighbourhood of the mouth. Macro- 
nucleus horseshoe-shaped. Micronuoleus oval or rounded, 

* naUhaii is an obvious misprint for matttum. 
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near one of the angles of the macronueleus. Fission always 
longitTidinal. 

Dimensions. — ^Length 14:5 fi, ■width 108/*. 

Bemarks. — Gulati has recorded longitudinal fission and also 
enoystment in this species. He has also described conjugation 
between individuals of unequal size. As pointed out by him, 
the iadividuals show some resemblance to Vorticellae detached 
from their stalks. 

This species differs from the only other previously known 
species of the genus, TdotricMdium arateriforme, in that 
(1) the posterior girdle of cilia runs obliquely almost along the 




Pig. 90. — TehtrvMdiu/m maMhaii Gtilati. c.«, ooatraotile vacuole. 
(After Gulati.) 

posterior border, (2) there is no thick anterior annular border, 
and (3) the posterior end is retractile. 

Gulati's observations seem to show that Tehtridiidiwin is 
a valid genus, whose position is close to Urocefnbrwm. The 
true Vorticellae may be supposed to have been derived from 
such Hototriohan forms as Uroc&nirwm and TehtrichidAfwm, and 
these forms were actually placed in the order Pbreteioha by 
Kent, but later workers have shown that their correct position 
is among the Htmbkostomata. Kail is, however, of the 
opinion that the so-called species of Tdotrichidiwin are Vorti- 
ceUse detached from their stalks. 

Habitai. — ^Ditoh water ia which dry leaves were rotting : 
Pttitjab, Lahore. 
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4. Suborder THIGMOTRIGHA Chatton & Lwofif. 

HoiiOTRiOHA in which the anterior body cilia form a group 
for attaching the organism to the substratum (thigmotactic 
apparatus). They include forms at very different levels of 
organization, including on the one hand forms which possess 
a highly organized cytostomial apparatus, and on the other 
forms in which a cytostome is almost or quite absent, and 
which consequently absorb their food by means of a sucking 
tentacle. With the exception of a few species, they all live 
in the mantle- cavities of various marine or freshwater molluscs, 
where they may be attached by the thigmotactic field of cilia, 
or may show free locomotion. 



Identification Table of Families. 

X (4). Ciliation uniform, in closely situated 
meridional rows ; body laterally 
flattened ; peristome not beginning 
close to the anterior end of the body . 2. 

2 (3). Thigmotaotie field extending over tibe 

whole of one surface ; peristome and 
cytostome well developed : commen- 
sals or parasites of molluscs or sea- |j>. 194.. 
urchins ConehopbthllidSB Kahl,. 

3 (2). Thigmotactic field reduced to a small 

part of the left surface ; oral funnel 
without distinct peristome ; con- 
tractile vacuole opening into the [Chatton & Lwofi. 
cytostome Thigmophryidse* 

4 (1). Ciliation not urdfoTm 5. 

5 (10). Ciliary rows distributed irregularly on 

both svu^faces or in a spiral course, 
or largely or even completely rudi- 
mentary ; cytostome with weU- 
developed peristome, or ojrtostome 
rudimentary or absent Anclstrumida * Issel. 

6 (9). Chi^y entozoic in mussels, less often 

in snails and holothurians 7. 

7 (8). Laterally flattened ; ciliary rows 

meridional ; adoral zone begins near 

the anterior end and, windinig to the 

left, extends to the cytostomial 

groovB situated near the posterior [minje * Kahl. 

end Subfam. Aitoibtbd-- 

8 (7). Ciliary rows meridional or markedly 

spiral ; adoral zone spiral, beginning 

caii. o 
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from the anterior end and extending [Piokard t- 

to the posterior end Subfaro. Bovekun^ * 

9 (6). Epizoic on eehinoderms. Ciliation [bin^ * Konig. 

complete. Cytostome rudimentary Subfam. Hbmispbi- 

or absent 

10 (5). Ciliation greatly reduced ; with a 

short sucking tentacle for attach- 
ment ; cytostome functionless or 
completely absent j multiplication 
by ciliated buds II. 

11 (12). Adult forms showing two rows of basal 

granules in furrows, but the cilia 

themselves only rarely visible. 

Multiplication by buds which carry 

both the basal groups which develop 

into ciKa. Nutrition by osmosis. 

Completely fixed to the branchial [Chatton & Lwofi. 

lameUse of mussels Sphenophryids*. 

12 (11). Cilia reduced to a thigmotaotic field at 

the anterior end ; adoral cilia present 
in addition to an attaching tentacle, 
or adoral cilia absent and only an 
attaching and food-absorbing ten- 
tacle present. Fixed to the gills of 
mussels, or to the stalk of Vorticel- 
lids or Suotoria HypoeomidSB* Biitsehli. 



FamHy CONCHOPHTHIRIDiE KaM, 1931. 

Body laterally flattened, Tiniformly ciliated, creeping on 
the somewhat concave left surface. The right surface shows 
a peristomial groove extending from the ventral border to 
the middle of the body ; at the bottom of this lies the oral 
funnel. C3rtophar3m3: ciliated. Contractile vacuole single, 
central. Macronucleus simple or m.ultipartite. Commensals 
or paxasites of molluscs and sea-urchins. 

Genus CONCHOPHTHIRIUS Stein, 1861. 

OonchiopMiivnus, Stein, 1861, p. 87; 1867, pp. 64, 336 ; Engehnann, 

1862, p. 379. 
■.ConchopMiirus, Kent, 1880-2, p. 490 ; Butsehli, 1887-9, p. 1720 ; 

Calkins, 1926, p. 407 ; Strand, 1928, p. 31 ; Beichenow, 1929, 

p. 1177 5 Kahl, 1930-6, pp. 285-6. 

Body laterally flattened, ventral border extended, some- 
what concave in the neighbourhood of the cytostome ; dorsal 
border curved. Left side flat or somewhat dish-shaped, 
right siuface broad, slightly convex. A depression on the 
ventral side as in Colpoda. Cjrtostome at the bottom of the 

t Pickard (1927) has separated the genus Bovena from the fEumily 
Ancistrumids and placed it in a new family Boveridas Tinder Hbsero- 
TBIOHA, but this view is not accepted by B.eichenow (1929), Cheissen 
<1931), Calkins (1933), and Kahl (1934 a). 
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■depression, folio-wed by a funnel bent dorsally and provided 
with cilia. Cilia on the body fine, thickly set, usually pre- 
senting a tufted or matted aspect. Contractile vacuole 
single, usually near the middle of the body. Macronucleus 
simple or multipartite. Commensals on various Lamelli- 
branchiate and Gastropod MoUusca. 

Remarks. — ^Raabe (1932) has used Klein's method to demon- 
strate the silver-line system in four species of this genus. 
The silver-line system provides a well-defined characteristic 
of the genus and indicates clear differences between the 
species. Kidder (1934) describes a well-integrated neuro- 
motor system. It consists of an external fibrillar system, 
demonstrated by Klein's silver-nitrate method, and an 
internal set of fibres, demonstrated after hasmatoxylin de- 
stained with 10 per cent, hydrogen peroxide. 

Key to IvMan Species. 

1 (3). Feristonual groove opens ventralwards 

between the middle and posterior end 

of the ventral border 2. 

2. Body 1^ times as long as broad. No 

oytopharynx. Contracti]© vacuole sub- [p. 197. 

central. Macronucleus posterior, oval . C lameUidens Ghosh, 
3 (1). Peristomial groove opens ventralwards 

at or in front of the middle of the ventral 

border 4. 

4. Left side without depression 5. 

6 (6). Form very broad. Ciliated oytopharynx 

very long, extending across almost cJose 

to the dorsal border. Cont<raoti]s 

vacuole neaor the macronucleus. Macro- [p. 195. 

nucleus oval, subcentral O. ourius Engelmann, 

'6 (5). Form narrow, elongated, with parallel 

sides, 21 times as long as broad. Con- 
tractile vacuole single, about J length 

of the body from the posterior end. [p. 196. 

Macronucleus oval, posterior O. eUmgatua Ghosh, 



111. ConchophthMus curtus Engelmann. (Fig. 92.) 

CcmchopMhvrms ourtus, Engelmann, 1862, pp. 379-81, pi. 
fig. 2 ; Kent, 1880-2, p. 491. 
■\C(mchop}ahints cwrtea, Ghosh, 1918, p. 133, fig. 2. 
ConohophOwrus curtus, Kahl, 19S0-5, p. 287, fig. 47, 31. 

Body shortly oval, nearly as broad as long, equally rounded 
at both extremities, dorsal border strongly convex, ventral 
flattened. Peristomial depression somewhat in fi:ont of the 
middle of the ventral border. Oytopharynx long, tubular, 
and recurved. Cuticular surface delicately striate longitu- 
dinally, clothed throughout with long, fine, matted cilia, with 
.a tuft of strong cilia at the posterior end of the right side. 

o2 
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Contractile vacuole somewhat behind the middle, with sub- 
sidiary vacuoles surroundiag it. Macronucleus oval, sub- 
central, with one or two micronuclei. 

Dimensions. — ^Length about 120 jtt. 

Bemar&s. — Ghosh mentions that his specimens differed 
firom the description of the species as given by Engelmamx ia 
the following points : — ^The oval macronucleus is mostly placed 
with its long axis in a line with the length of the body, the 
contractile vacuole is without accessory vesicles, and the 
cytophaiynx is not only directed dorsalwards, but also curves 
posteriorly at a little distance behind the macronucleus. 



Pig. 91. 



Fig. 92. 



Fig. 93. 




Fig. 91. — ConahophtMritis elongatus Ghosh. (After Ghosh.) 
Fig. 92. — Oonohophtkirius eurtus Engelm. (After Engehnann.) 
Fig. 93. — OonohopMhiriua lameUidens Ghosh. (After Ghosh.) 

There is obviously an error in his labelling fig. 2 as G. ehngatus 
and fig. 4 as C. vwrbim. Those consulting his original paper 
should note that what is given as fig. 2 is really a figure of 
C curinis, and fig. 4 of G. dongatus. 

Habitat. — ^In 1±ie mantle-chamber of Lamellidens margimalis : 
BEifTGAi, Calcutta. 



112. Conehophthlrins elongatus Ghosh. (Fig. 91.) 

tCoMcAoi)fe!Am« elongatus, Ghosh, 1918, p. 132, fig. 4. 
OonahopMmus elongafus, KaM, 1930-5, p. 288, fig. 47, 33. 

Body elongated, about 2J times as long as broad, wide 
anteriorly ; anterior end rounded, posterior end narrow and 
bluntly pointed. Dorsal border nearly straight, slightly convex 
in firont and behind and faintly concave in the middle ; ventral 
border with a shallow notch just behind the anterior third of 
the length of the body. Peristome small, conical, directed 
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forwards and dorsalwards. No cytopharynx. Longitudinal 
ciliary strise very marked at the anterior end, less so over titie 
rest of the body. Contractile vacuole single, at the junction 
of the middle and posterior third of the body-length, some- 
times slightly displaced. Macronuoleus oval, posterior and 
subterminal. 

Dimensions. — ^Length 60;ti. 

Habitat. — In the mantle-chamber of LameUidens marginalis : 
Bengal, Calcutta. 



113. Conehophthirius lamellidens Ghosh. (Fig. 93.) 

i^OonchophtMrus lameUidens, Ghosh, 1918, p. 132, fig. 3. 

Conchopthirus la-mellidens, Kahl, 1930-5, p. 286, fig. 47, 3S. 
•fOonchopthims lamellidena, Bay & Chakravarty, 1934 a, p. 1 ; 
1934 6, pp. 663-4. 

Body ovate, about I^ times as long as broad, bluntly 
pointed at both ends ; dorsal border strongly convex, ventral 
convex and minutely dentate in the anterior and slightly 
notched in the posterior half. Peristome in the anterior portion 
of the notch, short and tubizlar, being directed forwards and 
dorsalwards. Generally a dark granular zone in the endo- 
plasm in the anterior third of the body. Longitudinal striae 
very distinct. Contractile vacuole single, subcentral. Macro- 
nucleus oval or triangular, posterior and subterminal. 

Dimensions. — Length 90 /j,. 

Bemarks. — ^Ray and Chakravarty (1934 a) have studied the 
morphology of this Cihate in detail, but their observations 
have not yet been pubhshed. They (1934 6) also claim to 
have discovered a lunar periodicity in conjugations in this 
dhate. 

Habitai. — ^In the mantle-chamber of LameUidens margivalis : 
Beitgal, Calcutta. 
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5. Suborder APOSTOMEA Chatton & LwofE. 

Endoparasitic HoLOTEiCHAin which the cytostome is reduced 
to a small rosette or quite absent. In the family Foettin- 
geriidse, which includes a number of genera and species, the 
organisms show a complicated life-history accompanied by 
change of hosts. At encystment the helicoidal ciUation of 
the vegetative individuals or " trophonts " disappears, the 
cilia being detached from the body and remaining in the 
mucous wall of the cyst. Later in the encysted stage th© 
ciliary bands show a meridional instead of a helicoidal course. 
The encysted individual known as the " tomont " undergoes 
a transverse fission which is described as linear palintomic 
multiplication, resulting in the formation of a number of 
free-swimming parts called " tomites." The tomites acquire 
a cihation differing from the trophont, and later meta- 
morphose into trophonts within a phoretic cyst. They are 
parasites of Crustacea and Ccelenterata. In the family 
Opalinopsidse are included endoparasites of the kidneys and 
liver of Heteropoda and Cephalopoda. 



Identification Table of Families. 

1 (2). Asymmetrical forms -with the cytostome 
reduced to a small rosette. With 
few meridional rows of cilia and 
reduced adoral row. Macronucleus 
often branching or like a network. 
Mcronnoleus and contractile vacuole 
near the cytostome. Complicated life- [Chatton. 

history Foettingeriidffi* 

a. Tomite and trophont with cyto- 

stomial rosette ; tomont in the cyst [Lwoff . 

with meridional rows, with short [oERHErai* Chatton & 

poatoral rows in two groups Subfam. Fobthit- 

6. Tomite and trophont without oyto- 

stomial rosette ; tomont fireely 

motile, with incompletely distorted [Chatton & Lwofi. 

ciliary rows Subfam. PoLYSPrEtnsrjE* 

.0. Only kaown as trophont in the gastro- 

vascular cavity of a ctenophore Subfam. Peeioabyo- 

2 (1). Oval or elongated forans, with oflia in the [tsosim * Chatton & 
form of helicoid bands ; cytostome [Lwofl. 
present or absent. Macronucleus 
brejtks up rut-o chromidia. Midti- 
plication by buds which remain united 
to form chains. Parasites in the kid- 
ney or liver of Cephalopoda and Heter- 
opoda Opallnopsidse* Haitog. 
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6. Suborder ASTOMATA SchewiakofE, 
emend. C6pede. 

The AsTOMATA are parasites of various Invertebrate hosts- 
and are chiefly found in the Annelids. They generally live 
in the alimentary canal, though some forms are found in the 
body- cavity and in the tissues of various organs. 

C^pfede (1910, 1923) recognized as many as eleven families, 
only two of which, viz. ijjoplophryidse and Haptophryidse, 
comprise a large number of forms, the others being based on 
a single species in each case. The family Anoplophryid» 
was further subdivided into six subfamihes. Rossohmo (1926) 
described a new genus Badiophrya and placed it in a seventh 
subfamily of Anoplophryidse. Cheissen (1930) gave a new 
classification, and divided Astomata into sis families, viz., 
AnoplophryidsB, IntoshelUnidss, MaupaseUidse, HopHtophryidse, 
Haptophryidse, and Chromidinidae. The family Anoplo- 
phrjddae was divided into eight and Hophtophryidse into three 
subfamilies. As in C6pede's classification, the family Anoplo- 
phryidse was treated as a lumber-room, and several of the 
subfamilies, based on a single species, were referred to it. 
More recently Heidenreich (1935 a) has further revised this 
classification and divided the group into only three families, 
viz., Anoplophryidse, Hophtophryidse. and Intoshellinidse. 
He revised the synonymy of many species, and excluded 
from this scheme a large number of insufficiently characterized 
species. 



Identification Table of Families. 

1 (2). Skeletal elements completely absent. 

Body elongated. Cili* in long and [p. 200. 

close rows. Macronuoleus elongated . . Anoplophryidse C^^e, 

2 (1). Skeletal elements present 3. 

3 (4). With an organ of fixation, in the form 

of a girdle with spikes or a disc -with 
teeth, at the anterior end of the body. 
CiKa long, arranged spirally or in 
longitudinal rows IntoshelUnidaB*C^p6de. 

4 (3). With an organ of fixation, consisting of 

a pointed spike, or with a snpportino 

skeleton, lying iu the eo'coplasm, or 

partly in the ectoplasm and partly in Isin, p. 205. 

the endoplasm HopUtophrylda Cheis- 
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1. Family ANOPLOPHRYID^ C^pede, 1910, 
emend. Cheissen, 1930 ; further emend. 
Heidenreich, 1936. 

Body elongated. Skeleton completely absent. CSlia arranged 
in long and close rows. Contractile vacuoles variable in 
number and position. Macronucleus elongated. The family 
is divided into two subfamilies, as follows : — 

1. Without an aaterior unciliated cone ; 

roxmded at both ends, anterior end often [CepMe, p. 200. 

broader thsm. the posterior Akoflofsryht^ 

2. With an anterior unoiliated cone ; peciiliar [C^pfede. 

arrangement of ciliary ro-ws BtJTSOHiJELi.iKjE* 



SubfamUy ANOPLOPHRYINiE C6pede, 1910. 

Body elongate, cylindrical or slightly flattened, rounded at 
"both ends, anterior end often broader than the posterior. 
It is uniformly ciliated, there beiag no anterior unciHated cone. 
Reproduction by transverse division, which may lead to the 
separation of chains of buds from the posterior end of the 
body. Includes a single genus. 



Genus ANOPLOPHRYA Stein, 1860. 

Anoplophrya Stein, 1860 a, p. 57 ; Kent, 1880-2, p. 563 ; Biitsehli, 
1887-9, p. 1716; SchewiakofE, 1896, p. 379; C6p6de, 1910; 
p. 411 ; Rossolimo, 1926 a, pp. 471-3 ; Wenyon, 1926, p. 1167 
Keiohenow, 1929, p. 1183 ; Cheissen, 1930, pp. 545-7, 608-9 
Kudo, 1931, p. 341 ; Kahl, 1934 a, p. 175 ; Heidenreioh, 1935 a, 
pp. 319-26, 362-3, 387-8. 

Endoparasites. Free-swimming^ mouthless, body cylindrical 
•or flattened, rounded at both extremities, thickly and tini- 
formly dhate ; possessing no supplementary organs of pre- 
hension. Contractile vacuole or vacuoles well developed. 
Macronucleus mostly band-like and axial. Occurring as 
parasites within the intestinal viscera of various Invertebrata. 

Key to Indian Species. 

1 (4). Contractile vacuole single 2. 

2 (3). Posterior end -with a notch. Macro- [p. 204. 

nucleus club-shaped, pointed anteriorly. A. oaricAiMa Gho^, 

3 (2). Posterior end pointed. Macronucleus [son, p. 201. 

band-shaped, straight or curved A. teloaomatis Ander- 

4(1). Contractile vacuoles multiple 5. 
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5 (8). Oontraotjle vacuoles scattered irregularly. 6. 

6 (7). Contractile vacuoles three. Body oval, 

subtrunoate posteriorly. Maeronuoleus [p. 202 

ribbon-shaped A. Uoydi Ghosh, 

7 (6). ContractQe vacuoles four. Body cylin- 

drical, wider anteriorly. Hacronucleus [p. 202. 

ribbon-shaped A., cylindrioa Ghosh, 

8 (5). Numerous vacuoles arranged in two rows, 

mostly non-oontractile 9. 

9. Body elongate, band-like, anterior end 

dilated, posterior tapering. Macro- [p. 203. 

nucleus band-like A. eUmgata Ghosh, 

114. Anoplophrya selosomatis Anderson. (Pig. 94.) 

■\Anoplophrya sdosorruaia Anderson, 1889, pp. 381-3, pi. i, figs. 1-6. 
Anoplophryatnaupasi,Cii^pkAe, 1910, pp. 411-18, pi. xiii, figs. 4-7-63, 

text-fig. 3. 
Radwphirya (?) lelosomaHa, Heidenreich, 1935 a, pp. 366-7. 

Body oval, tapering at both ends, tapering portion con- 
siderably produced posteriorly, twice as long as broad. Surface 

Fig. 94. 




Clf 



Fig. 95. 




Fig. 94. — Anoplophrya aeloaoma^ Anderson, cv, contractile vacuole ; 

n, macronudeus. (After Anderson.) 
Fig. 95. — Anoplopkrya Uoydi Ghosh. Cilia not shown in the figure. 

(After Ghosh.) 



densely ciliated and finely striated in a longitudinal direction. 
Contractile vacuole single, central, dose to the macronudeus. 
Macronudeus axial, band-shaped, extending nearly the 
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whole length of the body, generally straight, sometimes curved 
or S-shaped, coarsely granular. 

MultipHeation by transverse fission ; in numerous cases 
a second constriction and appearance of fission anterior to 
the first, the segments remaining attached for some time and 
the posterior segment breaking off first. These compound 
forms are considerably larger, measuring up to 227 /a in length. 

Dimensions. — Length 62-83 ju.. 

Remarks. — ^Heidenreich (1935) regards A. maupasi C6pede 
as a synonym of this species, and considers it as doubtfully 
belonging to the genus Radiophrya Rossolimo. But as the 
latter genus is characterized by the possession of radial 
striations arranged in a fan-like manner and a pointed organ 
of fixation, and there is no hint of either of these in the original 
descriptions or figures by Anderson or C6pMe, I am letting 
the species stand in the genus Anoplophrya. 

Habitat. — ^In the almentary canal of the Oligochsete 
Mhscyma chlorosticum Wood-Mason : Bbngal, Calcutta. 



115. Anoplophrya lloydi Ghosh. (Pig. 95.) 

•[Anoplophrya UoycHi, Ghosh, 1918, p. 129, fig. 1 ; 1921, p. 6. 
Anoplophrya Vurnbrid, Eeidenreidi, 1935 a, pp. 319-323. 

Elongately oval, with subtruncate posterior end, curved 
longitudinally, the dorsal side convex and ventral concave. 
Ciliary striae close. Contractile vacuoles three, on the right 
side. Macronuoleus irregularly ribbon-shaped, extending 
nearly the whole length of the body ; micronuoleus small, 
spherical, placed by the side of the macronuoleus. Size not 
stated. 

Revmrks. — ^The species is stated by Ghosh to be nearest tO' 
A. striata Duj. in many respects. Heidenreich (1935 a), how- 
ever, considers A. lloydi as a synonym oiA. lumbrici (Schrank). 
He has revived that name, and refers quite a number of 
species of different authors to it. I am, however, letting 
Ghosh's species stand tUl the organisms have been studied 
again by someone. 

Habitat. — ^In seminal vesicles of the earthworm, PJieretima- 
posthuma (L. VaiU.) : Bbngai,, Calcutta. 

DOTTBTFUL SpBOIES. 

116. Anoplophrya eylindrioa Ghosh. (Fig. 96.) 

^Anoplophrya cyUndHca, Ghosh, 1922 c, p. 284, fig. 1. 

, Body elongated and cylindrical, about six times as long 
.as its transverse diameter ; anterior one-third of the body is- 
stouter than the rest. Both extremities rounded, the anterior' 
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a little wider than the posterior. Ectoplasm thin, endoplasm 
finely granular. Contractile vacuoles four and irregularly 
arranged. Macronucleus elongated, extending through almost 
the entire length of the body. 

Dimenaiona. — ^Length about 230 /i. 

Remarks. — ^This form resembles A. paranoides Pierantoni, 
and dififers from other species of the genus in having an 
elongated and cylindrical body. It differs from A. paranoides 




Fig. 96. — Anoplophrya cylindrioa Ghosh. (After Ghosh.) 

in having a rounded posterior end, short cilia, a macronucleus 
without a club-shaped anterior end, in the number of con- 
tractile vacuoles, and in its occurrence in a host belonging 
to an entirely different phylum. 

Habitat. — ^In the intestinal canal of Vivipara bengalensis 
(the common banded pond-snail) : Bengal, Calcutta. 



117. Anoplophrya elongata Ghosh. (Fig. 97.) 

■fAnoplophrya elongata, Ghosh, 1921 a, p. 6, fig. 1. 

Body elongated and band-like, sometimes twisted in the 
posterior region. Anterior end slightly dilated and rounded. 
Lateral margins nearly parallel to each other. Posterior end 
tapering bluntly to a point. Cilia small and uniformly 
arranged in faint longitudmal rows. Numerous small vacuoles 
arranged ia two longitudinal rows, mostly non-contractile. 
Macronucleus flattened and band-like, extending through 
almost the entire length of the body. 

DimeTisions. — ^Length 150/u,, widtib 30/i. 

Bemarks. — ^Heidenreich (1935 a) considers both A. elongata 
and A. variabilis as lying outside the family Anoplophryidse 
as tibey are not sufficiently characterized, and I think the 
same remark can apply to A. cylineb-ica. I am, however, 
including the description of these species, as these were 
published in journals not easily obtainable, and the forms are 
well worth fresh study. 

HaMtat. — ^In the rectum of small freshwater Gastropods : 
BsiTQAi, Calcutta. 
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Pig. 97. — Anoplophrya elongata Ghosh. (After Ghosh.) 



118. Anoplophrya variabilis Ghosk. (Fig. 98.) 

'^Anoplophrya variiMUs, Ghosh, 1921 o, pp. 6-7, fig. 2. 

Body band-like, about three to four times as long as broad, 
witli parallel sides. Anterior end rounded, posterior end with 




Fig. 98. — Anoplophrya varidbilie Ghosh. (After Ghosh.) 



a minute notch. Body uniformly covered mth small cilia 
arranged in faint longitudinal rows. Two curved hook-like 
cirri sometimes supplemented by long cilia at the notched 
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posterior end. Contractile vacuole single, posterior. Macro- 
nucleus club-shaped, with the pointed end anterior. 

Dimensions. — ^Length 84-174 jti. 

Habitat. — ^In the intestinal tract of small freshwater 
Gastropods : BestgaIj, Calcutta. 



2. Family HOPLITOPHRYID^ Chiessen, 1930, 
emend. Heidenreioh, 1935. 

Forms possessing a skeleton, which forms an organ of 
fixation, consisting of a pointed spike (sometimes denticulated) 
or a supporting skeleton lying in the ectoplasm, or partly in 
the ectoplasm and partly in the endoplasm. 

Heidenreich (1935 a) has combined the families Hoplito- 
phryidse Cheissen and MaupaseUidse (C6pede) Cheissin into 
one, and divides it into five subfamilies, viz., Eiunonodonto- 
phryinse*, Hoplitophrjdnse *, Radiophryinse*, Mesnilellinse *, 
and MaupasellmsB, of which the last one only is known from. 
India so far. 



Subfamily MAUPASELLIN^ Cep^de, 1910. 

Body elongated. Skeleton at the anterior end, consisting 
of a free, mobile spike, with an ectoplasmic basis and endo- 
plasmic skeletal rods connected with it. 



Genus MAUPASELLA Cepfede, 1910. 

MavfpaseUa, C6pede, 1910, p. 408 ; Calkins, 1926, p. 402 ; Wenyon, 
1926, p. 1168 ; Beiehenow, 1929, p. 1183 ; Kudo, 1931, p. 341. 

Endoparasites, with an anterior fixation apparatus in the 
form of a conical process derived from thickened ectoplasm. 
Body with dense cihation. Contractile vacuoles irregularly 
disposed. Macronuoleus elongated and ribbon-shaped. Micro- 
nucleus spindle-shaped, with its axis parallel to that of the 
body. 
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119. Maupasella nova C&phde. (Fig. 99.) 

MaupaaeUa nova, C6pMe, 1910, pp. 408-10, figs. 29-33 and 
text-fig. 2 ; Keilin, 1920, pp. 92-4, pi. vi, figs. 1-18 ; Wenyoii. 
1926, p. 1168, fig. 493, 2, 2 a. 
•^MawpaseUa nova, Bhatia & Oulati, 1927, pp. 100-2. 

Maupasella nova, Reichenow, 1929, p. 1183 ; Kudo, 1931, p. 341, 
fig. 146/; Heidenreich, 1935, pp. 343-8, figs. 7, 8. 

Possesses the characters of the genus. 

Dimensions. — ^Varies much in size and form, long specimens 
measuring 80-130 /i by 18-25 /i, and short ones only 60-77 ju, 
by 25-47 jii. 

Remarks. — The general form of the parasite, as stated by 
Cepfede, is variable, but two very distinct types can be dis- 
tinguished, viz., ovoidal and elongated. The measurements 
of an ovoidal form are : length of the body 77 /z, -width of 






£1-. 



Fig. 99. — MaupaaeUa nova C^p&de. a, oval form ; 6, elongated form; 
0, an enlarged view of the fixation apparatus, (a & b, 
after C6p6de ; c, after Heidenreich.) 

the body anteriorly 25 /i, posteriorly 22 fi, length of the 
nucleus 65^. Such individuals are the outcome of trans- 
verse division of the elongated form. They are dorso- 
ventrally flattened ; broader anteriorly and gradually taper 
toTvards the narrower posterior end, which is bluntly rounded 
like the anterior end. The anteriorly placed fixation 
apparatus is mobile. The whole body is very flexible, and 
the individuals are sometimes seen to bend themselves into 
a semicircle. 

The measurements of an elongated iudividual axe : length 
of the body IBO fi, width of the body 18 /ju, length of the nucleus 
90 /i. These are forms that are about to divide transversely. 
The individuals often show a constriction about the middle, 
indicating that fission will shortly take place. Others, which 



CATJDALIITA. 207 

■do not show such a constriction, are highly flexible and are 
often curved into a coU. The individuals are of nearly uniform 
■width throughout and look like a piece of flat ribbon rounded 
at both ends. The cilia are fine and close-set, and form 
a dense covering over the body ; they are disposed in longi- 
tudinal rows. The fixation apparatus is triradiate in form. 
The radius projecting out of the body anteriorly is shorter than 
the other two ; but all are sharply pointed and slightly curved. 
There are many contractile vacuoles, disposed irregularly in 
some individuals and arranged in two rows in others. The 
maoronucleus is granular in structure and stretches almost 
along the entire length of the body. The mieronuclevis is 
fusiform and Hes near the posterior end of the maoronucleus 
or sometimes near its middle. 

Keilin (1920) found in many specimens obtained from the 
alimentary canal of AllolcAophora caliginosa Sav., collected 
near Paris, a ribbon-like supplementary chromatic body, but 
no such body was found by Bhatia and Gulati in parasites 
from the alimentary canal of Pheretima posfhuma (L. Vaill.) 
and P. hawayana (Rosa) examined at Lahore. 

Heidenreich (1935) has described the structure of the 
flxation apparatus, and shown it as consisting of an eotoplasmic 
spike with which are connected a nimiber of skeletal rods 
lying in the endoplasm. 

Habitat. — ^In the alimentary canal of Pheretima posthvma 
(L. Vaill.) and P. hawayana (Rosa) : Ppn^jab, Lahore. 



Inoebtjb sebis. 

Genus CATTDALINA Madhava Rao, 1928. 
OaudcUina, Madhava Bao, 1928, p. 116. 

Bemarks. — ^Madhava Rao described the two following 
species as new and belonging to a new genus which he named 
CauAalina. He has referred this genus to the family Disco- 
phryidae in the suborder Astomata. C6pede (1923) changed 
the name of this family to Haptophryidse. TMs faiuly 
includes intestinal parasites of Tnrbellaria or Batrachia 
with an oval nucleus, a lateraEy situated, elongated, and 
contractile excretory vessel, and an anterior sucker (except 
in LachmaneUa). The two species described by Madhava 
Rao possess none of these characters. His forms are not 
intestinal parasites, the maoronucleus is not described as oval, 
the single contractile vacuole is not elongated and canal-Uke, 
and there is no anterior sucker. The forms are so imperfectly 
described that they wiU have to be re-examiaed before their 
correct systematic position can be determined. 
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120. Gaudalina armata Madbava Bao. (Fig. 100.) 

^OaudoMna armata, Madhava Rao, 1928, p. 113, pi. iii, figs. 6 & 8. 

Body elongated, tapering at either end, broadest at about 
one-third of the length of the body from the posterior end, 
and from this part two arm-like processes arise. These 
processes are bent and help in locomotion. CiUa throughout 

Kg. 101. 





Kg. 100. — GaudaKna armata Madhava Rao. (After Madhava Rao.) 
Kg. 101. — OaudaUna bangalorenais Madhava Rao. (After MadhJava 
Rao.) 

the margin of the body, and on the outer margin of the food- 
groove (?). No well-defined cjrfcopharynx (?). Contractile 
vacuole single. Nuclei two (?). 

Dimensions. — ^Length 80 ju,, maximum width 20 jU.. 

Habitat. — Soil : Mysore, Bajigalore. 



121. Caudalina bangalorensis Madhava Bao. (Fig. 101.) 

•^Qatiddlina bamgalorensis, Hadliava Rao, 1938, p. 115, pi. ill, fig. 7. 

Body elongated, with the anterior end widened into a 
pentagonal disc, with a slight neck-hke constriction behind 
it ; widest in the posterior part and tapering posteriorly. 
There are two tapering arm-like processes at the posterior 
end which help in locomotion. Between these two there are 
two more very small processes similar in appearance. CiMa 
in longitudinal rows, elongated and closer round the anterior 
end. Contractile vacuole near the anterior end. Macro- 
nucleus nearly central, with an adjacent micronueleus. 

Dimensions. — ^Length 90 fi. 

Habitat. — Soil : Mysore, Bangalore. 
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II. Order SPIROTRICHA ButschU, 
emend. Kahl 

This order includes all those Ciliates which possess a row of 
differentiated aggregates of cilia, known as the adoral zone of 
membranelles, extending from the anterior end of the body- 
to the cytostome. The individual membranelles are trans- 
versely placed and are like httle plates formed by the fusion 
of two to four rows of cilia. In this order the adoral zone is 
usually described as wound to the left. This is true if the 
oral end of the zone is regarded as the beginning. But as 
the zone does not grow out from the cytostome but rather leads- 
to it and plays the physiological r61e of carrying the food 
to the cytostome in a whirlpool, it would be more reasonable,, 
according to Reichenow, to re^rd its aboral end as its com- 
mencement. So regarded, the adoral zone may be said to be 
wound to the right, that is, in a clockwise direction. 

The order is divided by Reichenow into five suborders, as 
follows : — 

I. Hbtbeotbioha Stein. 
n. OuGOTEtCHA Biitschii. 

III. Entodiniomoepha Reichenow. 

IV. Ctekostomida Lauterbom. 
V. Hypotmoha Stein. 



Identification Table of SvAorders. 

1 (8). Mostly poEisessing free cilia. Only excep- 

tionally sznaJl groups of cirri are present, 

but even then in addition to iEree cilia. . 2. - 

2 ($). Body Tiniformly covered by fine cilia, 

•which may be variously reduced. Peri- 
stome moderate in extent Heterotiicha, p. 210. 

3 (2). Body cilia very much reduced or com- 

pletely absent 4. 

4 (5). Small, laterally flattened, with long cilia 

confined to a few rows or groups, 
especially at the posterior end. Pellicle 
covered with armoxir-plates. Cytostome 
with a comb-like structure. Adoral 
zone limited to 8 membranelles which 
are situated in a groove opening ventrsQ- 
wards Ctenostomida, p. 360. 

OIL. P 
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•5 (4). Body oilia strongly reduced, in some 
completely absent, so that the adoral 
zone only is present. Ciliary structures 
often modified into bristles or cirri .... 6. 

'6 (7). Body round in cross-section, -with cilia 
greatly reduced or none at all. Adoral 
zone forms a nearly complete or quite 
complete ring around the margin of the 
peristome, which is usually at right 
angles to the long axis of the body. 
Fresh water or marine Ollgotrleha, p. 267. 

7 (6). Body oval, often dorso-ventrally flat- 
tened, usually with posterior spines or 
postero-lateral appendages. Adoral 
zone forms a nearly complete or com- 
plete ling around the margin of the 
peristome, and there may be an ad- 
ditional incomplete or complete ring 

of dorsal zaembraneUes posterior to [p. 273. 

the adoral zone Entodiniomorplia, 

8(1). Body usually flattened dorso-ventrally, 
bearing nxotile organs only on the ven- 
tral surface, where there may be rows of 
cilia, or cilia, and cirri, or the cirri may 
be grouped afi frontals, ventrals, anals, 
caudaJs, etc. One or more undulating 
membranes may be present in the peri- 
stome in addition to the adoral zone. 
Short, stiS, tactile bristles may be 
present on the dorsal sxirface Hypotrieha) p. 361. 



1. Suborder HETSROTBIOHA Stein. 

Body is uniformly covered -with fine cilia, which, however, 
Tnay be reduced. Aq adoral zone of membranelles extends 
from the anterior end of the body to the cytostome, and begin- 
ning with the aboral end is wound, as in other suborders of 
SpiBOTKicattA., to the right. Various forms are assumed by 
the body, according as the peristomial field is at right angles 
to the long a,xis of the body or parallel with it. 

The Hetsbotiucoha are here arranged in accordance with 
the classification adopted by Reiohenow and Kahl. Out of 
the ten families, representatives of seven, viz., Spirostomidse, 
Plagiotomidse, Condylcstomidse, Stentoridse, rolliculinidse, 
Bursaxidse, and Balantidiidse have been found iu India ; no 
representatives of Metopidse, Reichenowellidse, and Licno- 
phoridse have so far been recorded. Kahl has iaduded the 
family Peritromidse also under this order, but, in accordance 
with general usage, it will be treated under Hypoteiobu. in this 
work. 
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Idevtification Table of FamUies. 

1 (16). Peristomial erurCEuse unciliated 2. 

•3, (9 or 14). Peristome elongate and groove- 
shaped, with the adoral zone ruiming 
from the anterior end to the oyto- 
stome near the centre of the body. . . 3. 

3 (6). Peristome with adoral zone runs 

straight backwards on the ventral 
side, and bends round to the right 
shortly in front of the oral funnel . . 4. 

4 (5). Oral funnel completely absent. Oyto- 

stome oleft-like, near the adoral 

zone, but usually firmly closed and 

not recognizable ; no undulating [Eahl. 

membrane Relelienowellldse *. 

5 (4). Oral funnel generally distinct ; in the 

typical genera an undulating mem- 
brane or a bi-seriate ciliary row 
extends forwards from the oytostome 

to the right maigin of the peristomial [p. 212. 

groove Spirostomida Kent, 

'6 (3). Peristome does not run straight back- 
wards 7. 

'7 (8). Zone of raembranelles runs diagonally 
from left to right over the ventral 
sxixface to tJhe posteriorly situated 
oral funnel, right peristomial margin 
provided with an \indulating mem- 
brane and row of cilia, body spirally 
twisted Hetopidsa * Elahl. 

8 (7). Bndoparastio, form oval to bean- 

shaped, cilia along right peristomial [p. 218. 

margin absent FlagiotDinldae Foche, 

9 (2). Peristome somewhat triangular, the 

broader field anterior 10. 

10 (11). Peristome only slightly sunken, zone 

of membraneUes surrounds in a strong 

curve an unciliated peristomial field, 

the right mstigin provided with an [p. 231. 

undulating membrane CondylostomidSB EUihl, 

11 (10). Peristome usually deeply sunk 12. 

12 (13). Peristome forming a sac-like depression 

of the anterior end, which is provided 

with a ventral slit. Zone of mem- 

braneUes runs in this depression and [p. 240. 

is continued into the beat oral funnel. BUTsaildse Perty, 
.13(12). Peristome forms a cleft, broader an- 
teriorly and extending &om the 

anterior pole of the body, more or 

less backwards, towards the ventral 

surface. Dorsal wall of the peri- 
stome provided with an adoral row 

of long cilia. Cytostome at the 

bottom of the peristome, may be 

followed by a distinct oytopharynx. ]novi, p. 244. 

Endoparasitic Balantldllds Keiohe- 

14 (2). Body divisible into three parts, an 

anterior adhesive disc enoLosed by 

fotu: ciliary wreaths, a slender neck 

p2 
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cairyirLg an Tindulating membrane 
bat no cilia, and a peristomial disc. 
Peristome unciliated, but surroimded 
by spirally wound zone of mem- 
braneUes. Eotopettasitio on various 
marine animals Licnophoridse* Stevens. 

15 (1). Peristomial surface ciliated, no un- 

dulating membrane 16. 

16 (17). Peristome drawn out into two wings. 

the zone of membranelles continued 

along the margin of both ; living in [p. 238. 

pseudochitinous test, marine Follleulinidse Dons, 

17 (16). Peristomial surface at right angles to 

the long axis of the body, or at a 

marked angle with such axis ; firee [p. 233. 

- >, or in gelatinous tests Stentoildae Claus, 



1. FamUy SPIROSTOMID^E Kent, 1881. 

Peristome elongate and groove-shaped. The adoral zone 
runs straight from the anterior end of the body towards the 
oytostome near the centre of the body, and bencU round to the 
right shortly in front of the oral funnel. Oral funnel generally 
distinct. An undulating membrane or a bi-seriate ciliary 
row extends forwards from the c3rtostome to the right margin 
of the peristomial groove. 

Key to Indian Genera. 

1. Right peristomial margin provided with 

an undulating membrane in front of the 

cytostome ; body pointed anteriorly BLBPHABlSMi, p. 212. 

2. No undulating membrane in front of the 

oytostome, worm-like, contracting in a 

screw-like manjaer Spirostomum:, p. 213. 



Genus BLEPHARISMA Perty, 1849. 

Bttrsofia, part, Ehrenberg, 1838, p. 325 ; Dujardin, 1841, p. 608. 
Bhphcn-isma, Perty, 1849, p. 170 ; 1852, p. 137 ; Stein, 1867, 

p. 177 J Kent; 1880-2, p. 686; ButsohU, 1887-9, p. 1721 j 

Rous, 1901, p. 77 ; Hiokson, 1903, p. 406 ; Lepsi, 1926 o, p. 65 ; 

OaUiins, 1926, p. 408 ; Schoeniohen, 1927, p. 217 ; Beiehenow. 

1929, p. 1185 ; Kahl, 1930-6, p. 442. 

BodQy form persistent^ almost lanceolate, strongly flattened 
.laterally, anterior end pointed, sickle-shaped, ajad curved 
towards the ventral side. Dorsal side more bulging than the 
ventral side. Body cilia long, fine, situated in longitudinal 
rows. Peristome narrow, extending up to the middle of the 
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body and widening posteriorly ; left margin with well-developed 
adoral zone ; right margin with posteriorly a short undulating 
membrane, which is rolled upon itself, and consequently 
appears like a bristle. Cytostome at the posterior end of the 
peristome. Cytopharynx generally short. Contractile vacuole 
single, posterior. Anus terminal. Macronucleus rounded, 
oval, bipartite, or moniliform. Locomotion moderately quick, 
with rotation on its long axis. Feeding on bacteria, fungi, etc. 
Colourless or red. 



122. Blepharisma sp. (Fig. 102.) 

Blepkarisma sp., Chaudhuii, 1929, p. 60, pi. iii, figs. 1 & 2. 




Fig. 102. — BlepJuxriama sp. (After Chaudhuri.) 
HeMtat. — ^Lumpy soil : Gesttraij India, Indore. 



Genus SPIROSTOMUM Ehrenberg, 1833. 

Spirostomum, Ehrenberg, 1833, p. 252 ; 1835, p. 163 ; 1838, p. 332 ; 
Dujardin, 1841, p. 514 ; Clapar&de & Laohmonn, 1838-61, p. 231 j 
Stein, 1867, p. 187 ; Fromeutel, 1874, p. 175 ; Kent, 1880-2, 
p. 586 ; Butsohli, 1887-9, p. 1723 ; RoTix, 1901, p. 79 ; Hickson, 
1903, p. 403 ; Minohin, 1913, pp. 438, 439, 445 ; Calkins, 1936, 
p. 408 ; Lepsi, 1926 a, p. 64 ; Wenyon, 1926, p. 1197 ; 
Sohoenichen, 1927, p. 219 ; Reiohenow, 1929, p. 1185 ; KaW, 
1930-3, p. 437. 

Animalcules free-swimming, very large, highly elastic, 
contractile and flexible ; very elongated, cyUndioal or some- 
what flattened ; anteriorly rounded, posteriorlv truncated. 
Peristome long, extending down the left side of the ventral 
surface as far as or beyond the middle of the body, widest at 
this point and continued inward as a short funicular cyto- 
pharynx ; adoral cilia bordering the "outer or left-hand side only 
of the peristomial area ; no undulating membrane. Contractile 
vacuole taking up the whole of the posterior end of the body 
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and continued forwards as a straight canal extending along^ 
the whole length of the hody. Macronucleus ovate or monili- 
form. Micronuolei numerous. Locomotion very active, 
followed by contractions and often by a spiral twisting on 
its long axis. Inhabiting fresh water. Feeding on algse, 
detritus, etc. 

Remarks. — ^According to Ann Bishop (1927) there is no 
undulating membrane. According to Kahl (1932) there is 
an undulating membrane, composed of two rows of short ciha, 
along the right wall of the peristome posteriorly and extending 
to the bottom of the short oral funnel. 

Key to Indian Species. 

1. Body oylindrioal, length more than 500 fi, up 

to 4500 fi. Peristome extending at least 

up to the middle of' the body. Macro- [p. 214. 

nucleus rosaiy-shaped 8. ambiffuum Ehrbg., 

2. Body elongated, spindle-shaped, length 

up to 450 jit. Peristome only 1/3 the 

body-length. Macronucleus oval to [p. 217. 

spindle-^aped S. teres CI. & Lachm., 



123. Spirostomum ambiguum Ehrenberg. (Fig. 103.) 

Trachelms arnHguris, Ehrenbeig, 1830, p. 62 ; 1831, p. 107. 

Holophrya amhigiia, Ehrenberg, 1831, p. 102. 

Bwaaria ambigua, Ehrenberg, 1831, p. 132. 

Spirostom/mn, ambigv/u/m, Ehrenberg, 1835, p. 165 ; 1838, p. 332,. 
pi. xxxvi, fig. 11 ; Dujardin, 1841, p. 514 ; ClaparMe & Laoh- 
mann, 1858-61, p. 231 ; Stein, 1859 d, pp. 55, 60, 64, 72, 78, 80, 
86, 88, 90, 95 ; 1867, pp. 197-208, pi. ii, ^. 10-11 ; pi. in. 
figs. 2-9 ; pi. iv, fig. 1 ; Balbiani, 1860 b, pp. 77, 87, pi. iv, 
figs. 19-24 ; 1861, p. 107, pi. ix, figs. 7-9 ; Pritchard, 1861, 
p. 623, pi. xxix, figs. 297, 298 ; Fromentel, 1874, pp. 284-5,, 
pi. XV, figs. 1-1/ ; Kent, 1880-2, pp. 586-7, pi. xxix, figs. 13 & 
14 ; Rous, 1901, pp. 80-81, pi. v, fig. 1 ; Hiokson, 1903, 
p. 406, fig. 67 ; Minohin, 1912, p. 431, fig. 180. 

^Spirostormmi amhiguvnn, Bhatia, 1916, p. 183 ; Ghosh, 1921, 
I). 10. 

Spirostomum wmbigvMm, Bishop, 1923, pp. 391-434, pis. xxii-xxiii ; 
1927, pp. 147-172, pis. xvii-xviii, and 3 text-figs; Lepsi, 1926 o, 
p. 69, figs. 305, 306 ; Wenyon, 1926, p. H97, fig. 509 ; Kahl, 
1926, pp. 420-1, fig. Y 3 0-6 ; Schoeniohen, 1927, p. 219, 
fig. 740 and pi. xii, fig. 60 ; Beiohenow, 1929, p. 1186, fig. 1167 
A& C. 
■^Spirostomwn cembiguum, Bhatia & MuUiok, 1930, p. 399. 

Spirostomum (Trichoda) ambigutim, Kahl, 1930-5, p. 437, fig. 72, 1. 

Spirostomum mmus, 'EjaSdi, 1930-5, p. 440, fig. 72, 2, 

Body elongate, thread-like, from ten to twenty times or 
more as long as broad, nearly or entirely cylindrical, the 
anterior and posterior extremities often equally rounded, 
or the posterior one occasionally truncated. Peristome 
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extending quite to the centre of the body, or even beyond 
this point. Contractile vacuole single, taking up the whole 
of the posterior end of the body, and extending forward as 
a straight canal. Macronucleus elongated, moniliform. Micro- 
nuclei numerous. In pond water among aquatic plants. 

Fig. 103. 



Fig. 104. 




Fig. 103. — Spvrostarmim ambiguum, Ebrbg. ek, canal estending forward 
&oin the vacuole ; oo, contractile vacuole ; N, macro- 
nucleus ; No, food-vacuole ; Sp, adoial zone. (After 
Stein.) 

Fig. 104. — Spirostcmvum Urea CI. & L. Lettering as in the preceding 
figure. (Afber Stein.) 

Dimensions. — ^Length of the extended body 500-800ju. 
(var. minor), 3-4*5 mm. (vax. major). 

Remarks. — ^Fairly commonly found in pond water in which 
aquatic plants are growing. The animalcules, being of such 
a large size, are easily visible to the naked eye and appear to 
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be thread-like bodies moving about actively. The specimens 
sometimes show a spiral twisting of the body upon their long 
axis, as figured by Kent (plate xxix, fig. 14). According to 
Roux a smaller form of S.' ambiguum, from 500-600 /i in length, 
is recognized as var. minor. The peristome is shorter than 
in the typical form, and does not extend beyond the middle 
of the body. Specimens foimd at Lahore have often measured 
more than 600/*, but never exceeded SOO/u., and have therefore 
been referred to var. minor. Kahl (1930-5) considers this 
a distract species and describes it as S. minus Eoux. 

The macronucleus is usually moniliiform and runs through 
the greater part of the body. The beads are rounded, oval, 
or elongated-oval giad tapering at '.either end; they are 
usually connected tpgether by eloiij^ate, and narrow com- 
missures. Each lo^ or bead of the -liucleus is seen, in 
preparations stained with iron-hsematoxylin, to contaia 
a number of larger ^anules (macrcisbmes) which are vacuo- 
lated, and a number of smaller granijles (microsomes) ; these 
latter are more deeply stained in borax-carmine preparations. 
The micronuclei are humerous, but usually less in number 
than the lobes of the macronucleus. Bach mioronucleus 
consists of a deeply staining grantdar mass surrounded by 
a clear non-stadning halo. The micipnublei are not in contact 
with the lobes of tiie macronucleus, but are situated at some 
distance from them. ; 

The form and str9.cture of the macronucleus vary a good 
deal in different speijimens. In some specimens it is vermi- 
form, resembling a band, which is twisted in its course. 
In some the band is very much shortened, and in still others 
there is an approach! to the oval nucleus resembling that of 
S. feres. In the largbr specimens the macronucleus is always 
moniliform, and the shape and size of the beads vary a good 
deal : occasionally there are no visible commissures, and 
the lobes of the macronucleus appear to be discrete. These 
variations in form of the macronucleus are to be regarded 
as stages in growth. There is no correspondence between the 
number of micronuclei and the lobes of the macronucleus. 
Bhatia and Mullick (1930) have made an interesting observa- 
tion regarding a correspondence between the form of the 
maeronuoleus and the length, of the peristome : in speci- 
mens showing a band-shaped or vermiform nucleus the 
peristome usually extends to about one-third of the length 
of the body, whereas in specimens with a monilifonn nucleus 
the peristome reaches the middle of the body or even extends 
beyond it. Thus 8. teres, and the minor and major varieties 
of 8. anMgwum, form a series, the structural peculiarities of 
which are closely paralleled by the stages of growth of the 
individual specimens of 8. ambiguum. 
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Specimens of 8 ambiguum are longer and thicker than 
those of 8. teres, and can be readily recognized from the 
latter by the length of the peristome and the form of the 
macromicleus. 

Habitat. — ^Pond water : Kashmir, Srinagar ; Pustjab, 
Lahore ; Bbitgal, Calcutta. 



124. Spirostomum teres Claparede & Lachmami. (Fig. 104.) 

Urokptus filum (?), Ehrenberg, 1833, p. 133 ; 1838, p. 359, pi. xl, 
fig. V. 

Spwoatomum filum (?J, Dujardin, 1841, p. did; ClaparMe & Lach- 
mann, p. 233. 

Spirostomum teres, ClapaxMe & Laohmaan, 1858-61, p. 233, pi. xi, 
figs. 1, 2 ; Balbiani, 1861, p. 126, pi. ix, figs. 1-5 ; Kent, 
1880-2, p. 586 ; Rous, 1901, p. 81, pi. v, fig. 2 ; Lepsi, 1926 a, 
p. 69, figs. 302-4 ; Kahl, 1926, p. 421, fig. Y 3 e ; 1930-5, 
p. 440, fig. 72, 7 ; Schoeniohen, 1927, p. 219 ; Reiohenow, 1929, 
p. 1186, fig. 1167 B. 
^Spirostomum teres, Bhatia & MtiUick, 1930, p. 399. 

Body elongated, spindle-shaped, flattened. Peristome 
generally extending up to, one-third the length of the body 
only ; anterior end narrower, posterior end truncated. Con- 
traotile vacuole single, occupying the whole of the posterior 
end of the body and extending forwards as a long canal. 
Macronucleus oval to spindle-shaped, central. 

Dimensions. — ^Length 150-450/*. 

Eemarks. — Specimens were foxind in pond water, overgrown 
with Lemna and other aquatic plants, at Srinagar. The 
peristomial groove extends only up to about one-thnrd of the 
length of the body. The maoronucleus is oval. Sometimes 
there are two oval maeronuclei lying in the centre, closely 
approximated to each other : each of these contains a large 
number of ronnded microsomes. 

Habitai. — ^Pond water : KLiSHMm, Srinagar. 



125. Spirostomum sp. 

■fSpirostormim ap., Chaudhuri, 1929, p. 54, pi. ii, fig. 25. 

Habitat. — Soil : Centeal Ihbia, Indore ; Madras ; Hydera- 
bad ; United Peovtstobs, Agra. 
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2. Family PLAGIOTOMID^ Poche, 1913, 
emend. Kahl. 

Form of the body oval or bean-shaped. Peristome does not 
run straight backwards. Gilia along the right peristomial 
margin absent. Endoparasitic. 



Genus NYCTOTHBRUS Leidy, 1849. 

NyetoOierus, Leidy, 1849, p. 233 ; 1860, p. 158 ; 1833, p. 241 ; 
Stein, 1867, p. 335 ; Kent. 1880-2, p. 579 ; BatschU, 1887-9, 
p. 1721 ; Eickson, 1903, p. 405 ; Minchin, 1912, pp. 439, 440, 
447; Hegner & Taliaferro, 1924, pp. 433-5; Calkins, 1926, 
p. 408 ; Lepai, 1926 a, p. 66 ; Wenyon, 1926, p. 1198 ; Bhatia & 
Gulati, 1927, p. 112; GrassS, 1928, p. 55; Rnowles, 1928, 
p. 623; Beiohenow, 1929, p. 1186; Thomson & Robertson, 
1929, pp. 274^5. 

Body flattened, oval or kidney-shaped, a notch or concavity 
ooourring near the middle of the right side ; the dorsal side is. 
strongly convex, the ventral bent inwards in the middle ; 
peristome commencing a little behind the anterior extremity 
and continued in a cleft-like manner on the ventral side to 
the centre of the body. The body is covered with cilia, and 
in front of the notch there is an adoral zone of cUia on the 
peristome that leads to the cytostome, an opening situated in 
the notch. The e3rtostome is continued into a long curved 
cjrtopharsmx, on the anterior wall of which is a row of parallel 
plates of fused cilia. This row of plates extends in the adoral 
region nearly as far as the anterior end of the body. At the 
hinder end of the body. is the anus, continuous with a short 
unciliated anal tube. Contractile vacuole single, opening 
into the upper end of the anal tube. An oval maoronucleus, 
with a micronucleus lying close to it, is situated in front of the 
oytopharynx. lii some species the macronucleus is provided 
with a caryophore, or nuclear stalk. Occurring as parasites 
within the intestine of Amphibia and of various groups of 
Invertebrata. 

Remarks. — Grass^ (1928) has split the genus according to 
the presence or absence of the caryophore or nuclear stalk 
(Aufliangeapparates) into the subgenera Nyctotherus s. str. 
and Nyctotheroides ; to the latter would belong the specie* 
occurring in Amphibia and N. tipida. This splitting of th& 
genus is not followed in this work. 
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Key to Indian Species *. 

1 (7). Cytophaxynx transversely or obliquely 

directed and i«aohmg the middle .... 2. 

2 (5). Body ovoid 3. 

3 (4). Body broadly egg-shaped. Maoro- 

nucleiis egg-shaped. Length very 

variable, 70-360 ft N. ovoAis Leidy, p. 226. 

4 (3). Body ovoid. Cytophaxynx slightly 

cvirved. Macronuoleus ovoid or ^ght- [p. 229. 

ly horseshoe-shaped. Length 60-70/i. N. te/rmitia Dobell, 

5 (2). Body reniform 6. 

6. Cytopharynx curved in a semioirele, 

with a diverticulum at its junction 

with the oytostome. Maoronucleus 

reniform or horseshoe-shaped. Length [p. 228. 

120-170 iL N. papiUatus DobeU, 

7 (1). Cytopharynx reaching beyond the 

middle of the body 8. 

8 (11). Cytopharynx shorter than the trans- 

verse diameter of the body 9. 

9 (10). Cytopharynx slightly curved, with the 

concavity directed forwards. Body 
elongated. Maoronucleus elongately 
oval. Length 170 fi N.kempiGho8h.,p.22L, 

10 (9). Cytopharynx broadly curved pos- 

teriorly. Body kidney - shaped. 

Length 160-180 fi (Bezz.) or 71-lH /i 

(Stein). Breadth f-| of the body- [p. 220. 

length. Macronucleus kidney -shaped. N.cordiformis(Ehr'bg.)y 

11 (8). Cytopharynx nearly equal to or longer 

than the transverae diameter of the 
body 12. 

12 (IS). Cytopharynx nearly equal to the trans- 

verse diameter of the body 13. 

13 (14). Cytopharynx with a bow directed 

ventralward, and with its tip directed 
forward. 
a. Body kidney-shaped, 660 /i by 

460 li. Macronuoleiis flattened [p. 234> 

ler^thwise N. magmus Bezz., 

6. Body ovoid, 130-230 n by 80- 

145 fi. Cytopharynx forming a [p. 225. 

sharp angle with the peristome. [barica De Mello, 
Macronucleus a triangular mass. N. magnus v. mda- 

14 (13). Cytopharynx extending obliquely back- 

ward, reaching about ^ of the length 

of the body from the posterior end. 

Body kidney-shaped. Macronucleus [Gulati, p. 229. 

large and ovoid. Length 92/4 N. remformia Bhatla & 

15(12). Cytophaaynx longer than the trans- 
verse diameter of the body 16. 

16. Cytopharynx spirally roUed. Macro- 
nucleus irregular-shaped. Body egg- [Bezz., p. 222:. 
shaped, 350 /» by 220 /* N. maiaropharyngeua 



* A key to all the species of the gentis known up to 1926 and th» 
list of hosts are given by Bhatia & Gulati (1927). 
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126. Nyctotherus cordiformis (Ehrenberg) Stein. (Fig. 105.) 

BufsaHa cordiformie, Ehrenberg, 1838, p. 338, pi. xxxv, fig. vi, 

1-4 ; Stein, 1864, pp. 42, 183 ; 1856, p. 36. 
Plaffiotoma cordiformis, Clapar^de & Laohmann, 1838-61, p. 236, 

pi. xi, figs. 8, 9 ; Stein, 1859 d, pp. 78. 81, 84, 85, 90. 
Nyctotherus cordAformis, Stein, 1867, pp. 338-44, pi. xv, figs. 1-10 ; 

Kent, 1880-2, p. 580, pi. xxix, fig. 4; Bezzenberger, 1904, 

p. 149 ; Minchin, 1912, pp. 10, 444, figs. 9, 186 F. 
^Nyctotherus cordiformis, Ghosh, 1921 a, p. 10. 
Nyctotherus cordiformis, Hegner & TaUafeiro, 1924, p. 434 ; 

fig. 169 ; Wenyon, 1926, p. 1199, fig. 511. 
^Nyctotherus cordiformis, Bhatia & Gulati, 1927, p. 115. 
Nyetotheroides cordiformis, Grass^, 1928, pp. 33-68 ; Knowles, 

1938, p. 523, figs. 36, 132 ; Reiohenow, 1929, p. 1187 ; Thomson 

& Eobertson, 1929, fig. 182. 
^Nyctotherus cordiformis, De Mello, 1932, pp. 100-1, 111, 113rl4, 

116, 124, pis. xii, fig. 1, xiv, fig. 1. 

Body bean- or kidney-shaped, aomewliat poiated anteriorly, 
much compressed, the breadth equal to two-thirds or three- 
quarters of the total length. Cytopharynx reaching beyond 
the middle of the body, shorter- than the transverse diameter 
of the body, broadly curved, with opening behind. Contractile 
vacuole single, postero-terminal, with anal aperture close to it. 
Macronucleus kidney-shaped, with a minute centrally attached 
mieronucleus. 




Fig. 105. — Nyctotherus cordiformis (Ehrbg.). (After de Mello.) 



Dimensions. — ^Length usually between 80-220/4. Cyst ovoid, 
80-90^ in length, containing a single individual. 

Bemarks. — ^Bezzenberger (1904) in his identification table 
gives 16O-180)n as the length for this species and the width 
as two-thirds to three-quarters of the length. The specimens 
found at Lahore were considerably smaJIer, and measured 
95 /x by 75^ : these dimensions, however, fall within the 
limits of those given by Stein (1867). De MeUo gives the 
length as minimum 88 /i, maximmn 325/*, and usually between 
100-220/A, in specimens from Bufo mekmostictus ; and mini- 
mum 45/i, maximum 150jLt, usually between 80-125/6, in 
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specimens from Rain/i malabarica. The cytopharynx was 
nearly straight, shorter than the transverse diameter of the 
body, and bending only slightly at its inner end. Grass6 
(1928) referred this species to the subgenus Nyctotheroides, and ■ 
observed anisogamous conjugation in this species. 

Habitat. — ^Intestine and cloaca of Bufo mdiznostictiis Schneid.: 
PmsTJAB, Lahore ,• Bengal, Calcutta ; Nova Goa. Intestine 
of Bana tigrina Daud., B. malabarica- Tsch., B. lirknodtaris 
Wiegm. : Nova Goa. 

127. Nyctothenis kempi Ghosh. (Pig. 106.) 

■^Nyctotherus kempi, Ghosh, 1921 a, pp. 10-11, fig. 11. 
Nyctotherus kempi, Bhatia & Gulati, 1927, p. 177 ; Reioheno-w, 
1929, p. 1187. 

Body elongate, about thrice as long as broad, much flattened 
dorso-ventrally, specially in the anterior half, highly flexible. 




Fig. 106. — Ny(^thems kempi Q-hosh. (After Ghosh.) 

Anterior end tapering to a point, posterior end rounded. 
Left side convex. Right side more or less straight, sometimes 
with a shallow notch in the posterior region. Peristome 
linear, along the right side and extending beyond the middle 
of the body. Cytopharynx about half the diameter of the 
body. Longitudinal ciliary hnes distinct and close to one- 
other, all converging in front to the anterior beak. Endo- 
plasm clear in the anterior third of the body and on the lefib 
side, coarsely granular in remaining portion. Contractile 
vacuole single, small, at the posterior end of the body, 
Macronucleus elongately oval, in front of the middle. Micro- 
nucleus adjacent. 

Dvmensions. — ^Length 170/x, width 84/i. 

B&marks. — ^The body is so highly flexible that the anterior 
half is sometimes doubled over the posterior portion. 



■222 cmutoPHOEA, 

Dr. H. N. Ray, who has re-examined the form, has informed 
me in a personal communication that Ghosh's description 
•of the species needs correction in certain respects. According 
to Tn'TTi the anterior end of the body is rounded and only slightly 
narrower than the posterior end ; the peristome extends into 
the posterior third of the body ; the cytophajjnox is more 
than half the diameter of the body and is directed back- 
wards ; the macronucleus is broadly elliptical, and placed 
obliquely about the middle of the body ; and the micro- 
nucleus is placed at the posterior end of the macronucleus. 

Habitat. — ^Rectum of Pila {AmpviUma) globosa (Swainson) : 
Bengal, Calcutta. 



128. Nyctotherus maeropharyBgeus Bezzenberger. (Fig. 107.) 

■fNyctotifterus macropharyngetia, Bezzenberger, 1904, pp. 141-4, 

figs. 1-3 ; Dobell, 1910, p. 75 ; Ghosh, 1921 a, p. 10. 
Nyatolhenta maciropharyngeua, Hegner & TaUafeiro, 1924, p. 435 ; 

Wenyon, 1926, pp. 1199-1200. 
■^Nyf^/xliharus macropharyngeuB, Bhatia & Gulati, 1927, pp. 114-15. 

Nyototheroides maoropha/ryngeus, GraasS, 1928, pp. 55 -68. 
■^Nyoto^ienia maarophixfyngeus. De MeUo, 1932, pp. 109-11, 116-17, 
118, 124, pi. xiii, fig. 9 ; Gulati, 1933, pp. 367-9, 2 text-figs. 

Body egg-shaped, pointed anteriorly ; length of the body 
a.bout one and a half times the width. Cjrtopharynx reaching 
beyond the middle of the body, substantially longer than the 
transverse diameter of the body, spirally coiled. Contractile 
vacuole single or 2 to 3, posterior. Macronucleus irregularly 
shaped, wit£ micronucleus above it or close to it. 

Dvmensiona. — ^Length, Tninimum 140 /i, maximum 360^ ; 
macronucleus 60-100/a in length by 38-50/i in width in 
^ecimens from R. tigrina ; length, minimum 90 /i, maximum 
■380/A, usually between 80-335 jn, in specimens from R. limno- 
■charis. 

Remarks. — ^The body is sometimes oval, highly convex 
along one margin. The posterior part of the body is distinctly 
thicker than the anterior part, and at the anterior end a thinner 
portion appears to project ILke a friU. The dorsal surface 
of the body is convex, and the ventral flattened or somewhat; 
concave. An individual appears to be composed of two 
■oval flaps placed over one another, with one of them projecting 
At the anterior end. The peristome commences a little behind 
the anterior end and is continued on the ventral side to the 
centre of the body and there is bent inwards to meet the 
well-developed cytopharjmx. OnJy the left border of the 
peristome is provided with specially strong membraneUes, 
which are continuous with the cilia in the cytophaxynx. 
The cytophaiynx is a large ftmnel-shaped tube, the posterior 
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portion of which is coiled upon itself in 2 or 2^ spiral turns. 
The anterior wall of the cytopharynx is throughout provided 
with specially strong ciUa. 

The cytoplasm is clearly marked off into cortical and 
medullary portions. The ectoplasm is narrow, and the basal 
granules of the cilia are large and very compactly arranged. 
The whole surface of the body is covered with short fine cilia 
arranged in oblique lines, which are very close to each other. 
The contractile vacuole is very slow in its pulsations and 
empties itself through the anal opening. The anal tube 
does not appear to be always present. 

The endoplasm is coarsely granular. The macsronucleus 
and the micronucleus are situated in the anterior half of the 




Fig. 107. — Nyctothertis maoropharyngeus Bezz. (After de Mello.) 

body. The form of the maoronucleus varies a good deal, 
being pentagonal, like a trapezium, oval, or cone-shapedj 
with the apex of the cone dueoted to one side. It shows 
a finely granular structure with one or more karyosomes. 
The micronucleus is usually placed over the maoronucleus, 
but less frequently hes close beside it. Mitoehondxia are 
seen as small spherical particles scattered about in the cyto- 
plasm. The specimens found at Lahore were smaller in size 
than those described by Bezzenberger : an average specimen 
measured 207 /x in length and 142 fi in width, the macronncleus 
being 40ju. in length by 39 ju. in width. 
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Gulati (1933) has described transverse binary fission and 
isomorphic conjugation in this species. 

Habitat. — Cloaca o£Iiana tigrina Daud. : Bengal, Calcutta ; 
Bombay ; CByxoir, Colombo. Cloaca of R. tigrina Daud., 
22. cyaTtapMyctis Schneid., and B. Tiexadactyla Lesson : PimjAB, 
Lahore. Intestine of H. tigrina Daud., B. limnocharis Wiegm., 
and B. cyamyphlyctis Schneid. : Nova Goa. 



129. Nyctotherus magnus Bezzenberger. (Kg. 108.) 

■fNyotoffierus magnus, Bezzenberger, 1904, pp. 145-8, figs. 6-8. 
Nyctotherus magrvus, Hegner & Taliaferro, 1924, p. 435 ; Wenyon, 
1926, p. 1199. 

Body flattened, kidney-shaped, with the posterior end only 
slightly thicker than the anterior, possessing a semi-lunar 




Fig, 108. — Nyctotfiarus magnus Bezz. (After Bezzenberger.) 

frill-like extension at the anterior end. Ciha short and 
fine, ajranged in rows and arising from large basal granules. 
Gytopharynx funnel-shaped, approximately as long as the 
transverse diameter of the animal, describing a bow with the 
opening directed ventralwards, and the end inflected forward. 
The entire left margin of the peristome and the cytopharynx 
bear membranelles. The right peristomial border bears 
ciha which are longer than the body dlia. Contractile 
vacuole single, situated in the posterior part of the body and 
emptying itself into a sUt-like anal tube. Macronuoleus 
strongly flattened in its long direction, and. lying in front 
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•of the cytopharynx. Micronucleus lies against the concave 
■surface of the macronucleus. 

Dimensions. — ^Length 660 /i, Tvidth 460 /a. 

Habitat. — Cloaca of Baruz hexadactyla Lesson : Asia (exact 
locality not cited by Bezzenberger). 

130. Nyetotheros magnus var. malabariea de Mello. (Fig. 109.) 

fNyetotJierus magwas var. yncClaba/rioa, de Mello, 1932, pp. Ill, 112, 
124, pi. xiii, figs. 10, 11. 

Body ovoid, with the anterior pole slightly narrower and more 
pointed than the posterior pole, which is wider and regularly 
rounded. Peristome wide, commencing a little to one side of 
the anterior pole, regularly rounded anteriorly, and with its 
internal margin parallel to the external border of the body, 
making with the cytopharynx a sharp angle. Cytopharynx 




Kg. 109. — NyctolJierus magnua v. maXcAarica de Mello. (After de Mello.) 

■extending beyond the middle of the body, as long as the 
transverse diameter of the body, fissure-like, describing 
a regular curve ivith its opening directed ventralwards. 
Cuticle marked by transverse sinuous striations. Contractile 
vacuole single, connected with the anal groove. Macro- 
nucleus irregularly ovoid, generally presenting the form of 
a triangular mass, with its wide base directed towards the 
anterior border of the c3rtopharynx. Micronucleus an oval 
mass lodged in the parenchyma of the macronucleus. 

Dimensiona. — ^Length, mioimima 130ft, maximum 230^, 
average 150-155/i ; width, mininaum 80 /li, maximum 145/a, 
average 110/t ; macronucleus 45 by 30/*. 

Habitat. — ^Intestine of Rava tigrina Daud, : Nova Goa. 

•OIL. Q 
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131. Nyctotherus ovalis Leidy. (Pig. 110, A & B, 111.) 

Nyctotherus ovalis, Leidy, 1849, p. 233 ; 1850 a, p. 100. 
Plagiotoma blattarum, ClaparMe & Laohmaim, 1858-61, p. 240. 
Buraaria blattarmn, Stein, 1854, p. 42. 
Plagiotoma hUotarum, Stein, 1859 d, pp. 78, 81, 84, 85, 90. 
Nyctothencs ovalis,Stein, 1867, pp. 344-7, pi. xv, figs. 11-16; Kent, 

1880-2, p. 580 ; Butsohli, 1887-9, pi. Ixvi, fig. 6 ; Bezzen- 

berger, 1904, p. 149. 
fNyctofftems ovcUis, Ghosh, 1921 a, p. 10. 
Nyctotherus ovalis, Wenyon, 1926, p. 1200 ; Lepsi, 1926 a, p. 67, 

fig. 272 ; Calkins, 1926, p. 145, fig. 74, D. 
•\Nyctotherua ovalis, Bhatia & Giilati, 1927, p. 116; de Mello,. 

Carvalho & Gaitond6, 1934, pp. 249-57, figs. 1-5. 

Body broadly egg-shaped, often scarcely longer than broad, 
the anterior extremity rounded. Body divided into two parts 
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Fig. 110. — A. Nyctotherus ovalis Xeidy. az., adoral zone ; ct>., con- 
tractile vacuole ; ec, ectoplasm ; ere., endoplasm ; hf., 
granular field ; re., maoronuoleus ; nl., pellicle. B. Nycto- 
therus ovaJis Leidy ; cyst ; c, cyst-wall ; re., macro- 
nucleus ; kf., granular field. (From Biitschli, after Stein.) 

by a caryophore diaphragm, one anterior, smaller, transparent 
and of finely alveolar struotizre, the other posterior, ■infra- 
nuclear, occupying more or less two-thirds of the length of 
the body, formed of large alveoli, and containing numerous 
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inclusions and foreign bodies. Cs^topharynx not reaching 
beyond the middle of the body, transverse in direction, 
extending slightly beyond the posterior opening of the bow 
and reaching up to the middle. Contractile vacuole single, 
subterminal. Macronucleus egg-shaped, curved. 

Dimensions. — ^Length very variable, from 70 to 360 /a. 

Bemarks. — 6rass6 (1928) recognized in this species a caryo- 
phore or suspensor of the macronucleus, composed of separate 
fibrils connecting the macronucleus with the body-wall, 
and restricted the name Nyctoiherus to a subgenus that includes 
those species in which this structure is found. More recently 
Froilano de MeUo and others (1934) have described in detail 
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-Morphological types of Nyotoiherus ovalis Leidy. 
de Mello, Oarvalho and Gaitond6.) 




(After 



the structure of this caryophore diaphragm with its frontal 
lamina, as weU as of the neuromotor apparatus attached as- 
an appendix to the e3Hx)pharynx, and the fibrillse in the lumen 
of the oytopharynx. They recognize three morphological 
types among the different specimens of this species (fig. Ill) : 
(A) those with micronucleus separate from macronucleus, and 
anal groove simple ; (B) those with micronucleus embedded in 
the mass of the macronucleus, anal groove with one border pro- 
truded into a nipple-like point ; and (C) a transitional type 
with nuclear apparatus as in (A) and anal groove as in (B). 

Habitat. — ^Md-gut and hind-gut of Perijj^neia ammcana r 
PtTNJAB, Lahore ; Nova Goa ; Bengal, Calcutta. 

q2 
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132. Nyctotherus papillatus Dobell. (Rg. 112.) 

fNyctotiherus papiHaiiis, Dobell, 1910, p. 76. 
Nyctotherus papillatus, Wenyon, 1926, p. 1200 ; Bhatia & Gulati, 

1927, p. 117. 
Wyetothenis papiUabua, de Mello, 1930, pp. 951-2 : 1931 a, 
p. 1184 ; 1931 6, pp. 1440-1 ; 1932, pi. xii, fig. 2. 

Body reniform. Cytopharynx extends to the median line, 
is sharply curved into an almost perfect semicii-cle, and has 
a well-marked spiral twist. Anus opens Just dorsally to 
a weU-marked papilla at the extreme posterior end of the 
animal. Contractile vacuole single, close to the anus. Macro- 
nucleus anterior, reniform or horseshoe-shaped, with the ends 



Fig. 112. 



Fig. 113. 





Fig. 112. — Nyctoiherus papiUalu^ Dobell. (After de Mello.) 

Fig. 113. — Nyetoffierus reniformAS Bh. & Gt. (After Bhatia & Gtdati.) 



directed ventrally, so that it appears ovoid when seen from 
the side. Micronueleus not always seen, but sometimes 
visible Ijnng on the maoronucleus. 

Dimem^ions. — ^Length 120-300 ju. 

Remafks. — ^A curious little diverticulum of the cytopharynx, 
situated at the point of its junction with the mouth, is nearly 
always present ; it passes dorso-posteriorly for a very short 
distance. De Mello has always found it in his specimens 
iirom Nova Goa. The measurements of the form vary a good 
deal. Dobell found that specimens from Bufo mdanostictus 
measured co. 120)l6 in lengtiii, whilst those from Bhacophortis 
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maculatvs were distinctly larger, attaining a length of 170/a. 
De Mello has found that his specimens from Nova Goa have 
much larger dimensions than those given for specimens 
from Ceylon, the smallest measuring 140/* by 90 /* and the 
largest 300/* by 150/*, mostly 160-200/* in length and 90- 
150/* in width. The dimensions of the maoronucleus in, his 
specimens were : maodmum 100/* by 20-25/*, minimnTn 50 /t- 
by 20-30/*. 

Habitat. — Rectum of Bufo melanostictus Schneid., Rhaco- 
fhorus maculatus (Giinther) : Cbyloit, Peradeniya. Intestine 
of Bhacophorus macidaJtus (Giinther) : Nova Goa. 



133. Nyetotherus reniformis Bhatia & Gulati. (Fig. 113.) 

^Nyctothenia reniformis, Bhatia & Gulati, 1927, pp. 115-16, fig. 12. 

Body reniform ; length about IJ times the width. Cyto- 
pharynx extending obliquely backwards, reaching to about 
one-fifth of the length of the body from the posterior end. 
Contractile vacuole siagle, posterior. Maoronucleus large 
and ovoidal, with a prominent micronucleus close to its pointed 
end. 

DiTnensions. — ^Length 92/*. 

liemarks. — ^The cytoplasm is clearly marked into cortical 
and medullary regions. The cortical region forms a narrow 
zone round the medullary region, which is alveolar. The cilia 
are fine and close-set. On the surface of the body the cilia 
are arranged in oblique rows, . running somewhat parallel 
to the cytopharynx. The maoronucleus is a large oval mass 
situated in the anterior half of the body, with its narrow 
pointed end directed towards one side. The micronucleus 
is a fairly big rounded structure lying close to the pointed 
end of the maoronucleus. The dimensions of an average 
specimen are 92/* by 60/* ; maoronucleus, 35/* by 17 «. 

Habitat. — ^Rectum of Bufo macrotis Bouleng. : Pxtssab, 
Sialkot. 

134. Nyctothenis tennilis DobeU. (Fig. 114.) 

^Nyctotkerus termitia, Dobell. 1910, p. 81, fig. 21. 
Nyctothenta terndtis, Wenyon, 1926, p. 1200 ; Bhatia & Gulati, 
1927, p. 117 ; de Mello, Can-alho & Gaitondd, 1934, p. 250. 

Body roughly ovoid, with a more or less strongly marked 
constriction at the level of the maoronucleus, and another 
similar constriction half-way between this and the extreme- 
anterior end. Cytopharynx situated near the middle, ruiming 
in obliquely, with a very slight curvature, not extending 
more than half-way across the animal. Anus posterior, weU. 
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maiked though narrow. Contractile vacuole single, near the 
anus on the ventral side. Macronucleus ovoid or slightly 
horseshoe-shaped. Mioronucleus seen sometimes, in close con- 
tact with the macronucleus. Caryophore diaphragm present. 

Dimensions. — ^Length 60-70 yii, maximum width rather 
more than 40/x.. 

Bemarks. — ^This species in general structure closely resembles 
N. ovalis of the common cockroach. As remarked by Dobell, 




Fig. U4:.—Nyctoiherus t&rmiUs Dobell. (After Dobell.) 

it is a striking fact that the white ants should harbour a 
Nyctofherus so closely resembling that of the cockroach, 
when it is remembered that the Trichonymphids are also 
confined to these two hosts. 

As remarked by Froilano de Mello and others (1934), the 
caryophore diaphragm is shown in Dobell's figure of this 
species. 

Habihit. — ^In the alimentary canal of Galotermes miUtaris : 
Ceylon. 
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3. Family CONDYLOSTOMID^ Kahl, 1927. 

Peristome somewhat triangular, broader anteriorly, only 
slightly sunken. Adoral zone runs in a strong curve sur- 
rounding an unciliated peristomial field. The right maigin 
of the peristome is provided with an undulating membrane. 

Genus KONDYLIOSTOMA Bory, 1824. 

Kondyliostoma, part, Bory, 1824, p. 139. 

Condylostoma, Ehrenberg, 1838, pp. 308, 311, 314. 

Kondylostoma, Dujardin, 1841, p. 516. 

Cotidyloatoma, Agassiz, 1846, p. 96. 

Kondylostoma, Clapar^de & LachiBaim, 1838-61, p. 243. 

Condylostoma, Stein, 1867, p. 171; Kent, 1880-2, p. 584; Biitsohli, 
1887-9, p. 1725 ; Roux, 1901, p. 81 ; Hickson, 1903, pp. 405, 
406 ; Calkins, 1926, p. 408 ; -Lepsi, 1936 a, p. 66 : Sohoeniohen, 
1937, p. 220 ; Saiidoa, 1937, p. 190 ; Reichenow, 1929, p. 1188 ; 
Kahl, 1930-5, p. 452. 

Body ovate or elongate and almost cylindrical, changeable 
in form, slightly flattened, obliquely truncate anteriorly. 
Peristome restricted to the anterior extremity of the body, 
harp-shaped, containing within an adoral ciliary spiral and 
a large flap-like undulating membrane. CSlia on the ventral 
side somewhat larger and more sparse than on the dorsal side. 
Contractile vacuole single or multiple, sometimes associated 
with elongate canal-like extensions. Anal aperture postero- 
terminal. Macronucleus elongate, monih'form. 

Salt and fresh water. Feeding on unicellular algae, detritus, 
etc. 



135. Kondyliostoma patens (Mfiller) Dujardin. (Pig. 115.) 

Trichoda patens, Miiller, 1786, p. 181, pi. xxvi, figs. 1-3. 

Uroleptus (?) patens, Elurenberg, 1833, p. 278. 

Kondylostoma patens, Dujardin, 1841, p. 516, pi. sii, fig. 2 ; 

ClaparMe & jLachniann, 185S-d1, p. 244, pi. xii, fig. 3. 
KondA/lostoma patudum, Clapar^de & Lachinaixa, 1858-61, p. 246, 

pi. xii, fig. 4. 
Condylostoma patens. Stein, 1859 d, pp. 72, 73, 78, 95 ; 1867, 

pp. 173-7, pi. i, figs. 1-4 ; Kent, 1880-2, p. 584, pi. xsdx, 

fig. 12 ; Butsehli, 1887-9, pi. Ixvii, fig. 4 ; Lepsi, 1926 a, p. 70, 

fig. 316 ; Sandon, 1937, p. 190. 
■f Condylostoma patens, Madhava Rao, 1928, p. 115. 
Com^lostoTna (Trichoda) patents, Kahl, 1930-6, p. 453, fig. 76, 1. 

Body highly elastic, elongate elliptical, nearly cylindrical, 
length when extended equal to seven or eight times the greatest 
breadth, widest posteriorly, somewhat flattened anteriorly. 
Cuticular striae fine, distributed equally and in parallel longi- 
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tudinal lines throughout the surface of the body. Peristomial 
field an irregularly triangular or harp-shaped excavation 
occupying an almost median position at the anterior extremity 
of the ventral surface, its length equal to about one-fifth to 
one-sixth of the body, unoiUated ; undulatiug membrane 
conspicuous, extending along the entire length of the right 
peristomial border, its width equal to one-half of that of the 
peristomial field. Cytopharynx narrow, tubular, equal to 
one-half the length of the peristome. Contractile vacuole 
oanal-Iike, often breaking up into vesicular spaces, extending 
along the left border. Macronueleus elongate, monihform, 
located towards the right side. 
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Fig. 115. — KcynAyUoetmna patene (Muller). A, ventral view ; B, dorsal 
view ; C, dividing stage, a, anus ; az, adoral zone ; 
as/, new adoral zone ; ev, contractile vacuole ; N, food- 
particles ; n, macronueleus ; n', mioronuclei ; o, oyto- 
stome ; um, undulating membrane. (After Butsohli.) 

Dtmeneions. — ^Length of extended body up to 500 jn. 
Bemarks. — ^This species is usually referred to as marine, 
though it has been doubtfully recorded by Koeh from garden 
. soil (Sandon). Madhava Rao has given a very inadequate 
description, and mentions two nuclei (instead of one moniliform 
. macronueleus). It is not certain that he correctly identified 
the. form. . 
Hciintat. — Soil : Mysoeb. 
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4. Family STENTORIDiE Glaus, 1863. 

Body free or in a gelatinous test, with fine cilia. Peristome 
at right angles to the long axis of the body or at a marked 
angle Tvith it. Peristomial surface uniformly ciliated. No 
undulating membrane present. Adoral zone completely 
encircles the broad peristomial field at the anterior end of 
the body, and runs in a spiral course down to the oral funnel. 

Key to Indian Genera. 

1. Peristome not occupying the whole of the [p. 233. 

anterior end CLiMAOosTOMtiM, 

2. Peristome occupying the whole of the an- 

terior end, directed at right angles to the 

long axis of the body Stentokella, p. 234. 



Genus CLIMACOSTOMUM Stein, 1859. 

OUmacoatomum Stein, 1859 d, pp. 58, 72, 78, 81, 83, 84, 86, 88, 95 ; 
1867, p. 208 ; Butsohli, 1887-9, p. 1727 ; Hickson, 1903, p. 406 ; 
Calkins, 1926. pp. 107, 408 ; Lepsi, 1926 a, p. 66 ; Schoenichen, 
1927, p. 222 ; Kahl, 1927, p. 191 ; 1930-5, p. 459. 

Medium-sized. Body oval, persistent in form, about twice 
as long as broad, obliquely truncated anteriorly. Peristome 
short, harp-shaped, occupying the anterior third of the ventral 
side. Cytopharynx long, bent. Vacuole with two radiating 
canals. Macronucleus central and oval, or long, band-shaped 
and entwined. 



136. CUmaeostomum' virens (Ehrenberg) Stein. (Fig. 116.) 

Bwsana apirigera. Bhrenberg, 1833, pp. 234, 252. 

Spvrostom/wm virens, Ehrenberg, 1838, p. 332, pi. xxxvi. fig. 1, 1-3. 

Bwsaria apirigera, Dujardin, 1841, p. 511. 

CUmaeostommn vwens. Stein, 1859 d, pp. 55, 60, 64, 72, 78, 81, 

83, 84, 86, 88. 95 ; 1867, pp. 210-15, pi. iv, figs. 2-9. 
^Spiroatoma virens (!), Carter, 18566, p. 248, pi. vii, fig. 84. 
Leitcophrys patuJa, Kent, 1880-2, p. 587, pi. xxix, fig. 18. 
Leucophrya cicrvilata, Stokes, 1886. 
Climacostonvum virens, Butschli, 1887-9, pi. Ixviii, fig. 4 ; Penard, 

1922, p. 208, fig. 204 ; Lepsi, 1926 o, p. 71, fig. 322 ; Sohoe- 

nichen, 1927, p. 222, pi. xii, fig. 53; Kahl, 1927 o, pp. 191-2, 

fig. 36 ; 1930-5, pp. 459-60, fig. 76, 1-2. 

Body sac-hke, somewhat pointed in front and rounded 
behind. Dorsal surface convex, ventral flat or slightly de- 
pressed. Ciliary lines longitudinal, with fine cilia. Peristome 
large, occupjmag one-fourth to one-third of the body, with 
a well-developed adoral band along its right border. No 
undulating membrane. Cytopharynx very long, bent behind. 
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and provided along both margins mti. short, fine cilia. Cyto- 
plasm colovured green by zooohlorellae. Contractile vacuole 
very large, terminal, provided with two radiating canals, 
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iTig. 116. — OUmaoostonmm virens (Elhrbg.). a, gxLoa ; az, adoral zone ; 
efc, radiating oanals ; ov, contractile vacuole ; N, xoacro- 
nudefus ; os, cytopharynx. (After Butschli.) 

which run forwards. Maoronucleus elongated, band-shaped 
and twisted, 

Drniensions. — ^Length 150-300 /i. 

Habitat. — ^Fresh water : Bombay, Bombay. 



Genus STENTOBELLA Reichenbach, 1828 

^=SiENTOB Oken, 1815, nom. preoccupied for a genus of 
Mammalia, E. Geoffrey, 1812). 

SutUor, Oken, 1815, p. 45. 

Steraore^, Beiohenbach, 1828, p. 95. 

SterOor, Ehrenberg, 1838, p. 261 ; Dujaidin, 1841, p. 620 ; 
Caapar6de & Lachmann, 1858-61, p. 222 ; Stein, 1867, p. 220 ; 
Fromentel, 1874, p. 153; Kent, 1880-2, p. 688; Butsobli, 
1887-9, p. 1727 ; Roux, 1901, p. 84 ; Hiokson. 1903, pp. 405, 
406; Minchin, 1912, pp. 439, 441, 445, 446; Calkins, 1926, 
p. 407 ; Wenyon, 1926, pp. 41, 61 ; Lepsi, 1926 a, p. 64 ; 
Schoeniohen, 1927, p. 222 ; Knowles, 1928, p. 623 ; Reiohenow, 
1929, p. 1188 ; Kahl, 1930-5, p. 461. 

Animalcules fixed or free-swimming at will, in the former 
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case attaching themselves by their softer adherent posterior 
extremity, which may develop weak pseudopodia for this 
purpose, to submerged aquatic objects and sometimes secreting 
a jelly-like sheath or lorica. Very large ; colourless, or blue, 
red, brown or green in colour. Body highly elastic ajid variable 
in form; when swimming and contracted, purse-shaped or 
spherical ; when fixed and expanded, trumpet-shaped, broadly 
expanded anteriorly, tapering off and attenuate towards 
the attached posterior extremity. Cilia of the euticular 
surface very fine, distributed in even longitudinal rows, 
occasionally supplemented by sparingly scattered hair-like 
bristles. The peristome takes up the whole of the anterior 
end of the body, and its margin shows a right-handed spiral 
of more than one full turn, and courses with the adoral cilia to 
the deepest -part, where the cytostome lies followed by a tubular 
cytopharynx. Peristomial cilia cirrose, very large and strong. 
Anal aperture close behind the peristome on the left side. 
The contractile vacuole also on the left side, near the peristomial 
border with two radiating canals, one of them extending 
backwards along the left side of the body, and the other 
coursing along the peristomial border. Macronucleus rounded, 
elongate and band-shaped or moniliform ; mioronuclei 
numerous. Locomotion in swimming stage moderately quick 
and revolving. Feeds on infusoria, flagellates, unicellular algse 
and organic debris. Reproduction by transverse fission. 
Inhabiting fresh and salt water ; mostly social. 

137. StentoreUa polymorphus (O. P. Miiller) Ehrenberg. 
(Fig. 117.) 



VorticeNa polymorpha, Muller, 1773, p. 98 ; 1786, p. 260, pi. : 

figs. 1-13. 
Stentor poVymorphua, Ehrenberg, 1831, pp. 43, 99, 152, pi. Hi, fig. 3; 

1833, p. 182, pi. iv, fig. l«-e; 1838, p. 263, pi. xxiv, 

fig. 1, 1-5. 
Stentor maUeri, Ehrenberg, 1831, p. 99 ; 1833, p. 183, pi. v, 

fig. 1 a-e ; 1835, p. 165, pi. i, fig. xvi ; 1838, p. 262, pi. xxiu, 

fig. 1, 1, 3, 4. 
Stentor polymorphve, Dujardin, 1841, p. 523, pi. srv, fig. 2. 
Stentor miUleri, Dujardin, 1841, p. 622. 
Stentor vert, Dujardin, 1841, p. 523, pi. xv, fig. 2. 
Stentor polymorphtts, Claparlde & Lachmann, 1868-61, p. 325 ; 

Stein, 1859 d, pp. 65, 60, 64, 72, 74, 78, 80, 86, 89, 90, 95 ; 

1867, pp. 22a-39, pi. v, figs. 1-12 ; Pritohaxd. 1S61, p. 583, 

pi. xsix, fig. 7 ; Fromentel, 1874, pp. 253-4, pi. i, figs. 1-5 ; 

Kent, 1880-2, pp. 690-1, pi. xxx, figs. 10-20 ; Boux, 1901, 

p. 85, pi. V, fiig. 6. 
■^Stentor poiymorphua, Ghosh, 1921 a, p. 15 ; Bhatia, 1922, p. 32. 
Stentor polymorpha, CaUdns, 1926, p. 145, fig. 74. 
Stentor polymorpfma, Lepsi, 1926 a, p. 72, figs. 329, 330; Sch:e- 
nichen,1927, p. 222. 
■f Stentor polymorphus, Bhatia and MuUiok, 1930, p. 401. 
Stentor poVymorphua, Kahl, 1930-5, p. 463, fig. 76, 6. 
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Very large. Body trumpet-shaped, colourless or yellow, 
sometimes green on account of zoochlorellse. The expanded 
anterior end in the fully extended animal equalling in diameter 
one-third of the body-length. Contractile vacuole situated 

Fig. 117. 




Fig. 117 — Stenioretia polymorphus (Muller). B, oytostome; O.V.O,. 

radiating canal ; Ma, macronucleus ; P. peristome ; Ph, 

oytopharynx ; S.T, tactile bristles ; Va, food-vacuoles ;. 

V.C, oontraotJle vacuole ; Z.A, adoral zone. (After 

Boux.) 
Fig. 118.— iStmtorella vindis Ghosh. (After Ghosh.) 



near the mouth, with a backwardly directed canal. Macro- 
nucleus monilLfonn, consisting of rounded or oval beads- 
Solitary or social. 

Dimensions.— Length when fully extended up to 1250 fi, 
in contraction 200 /u or more. 
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Remwka. — ^The specimens met -with at Lahore have always 
belonged to the colourless variety {Stenior mulleri of Ehren- 
berg), and have been seen both singly and in the social condi- 
tion. The presence of a moniliform nucleus, the absence of 
a gelatinous lorica, and of the hair-like bristles along the 
margins of the body or the circlet of finer setse at the posterior 
extremity enables the form to be referred to S. pdlymorphua. 
It is less rounded anteriorly than S. cosndeua. 

The specimens foimd at Srinagar were solitary, usually 
full of disc-shaped zoochlorellas and appeared to be green; 
others were less full and appeared- colourless. Body was 
metabolic, and when the organism was disturbed it contracted 
to form a small globule, then gradually expanded, swimming 
for some time in a half expanded condition. The peristomial 
field in a fully expanded organism was circular in outline, 
and the disc was raised in the centre. The adoral cilia were 
very long and strong. The peristomial margin was spirally 
coiled at its left extremity and formed a depression, at the 
bottom of which was the cytostome. The general surface of the 
body was covered wtth very fine cilia distributed along close 
set parallel lines. No stronger bristles were present on the 
body. 

The specimens foimd by Ghosh at Calcutta were social, and 
were generally attached to submerged water-plants. 

Habitat. — Standing water among vegetation : Kashmie, 
Srinagar ; Punjab, Lahore ; BjaasrGAn, Calcutta. 

138. Stentorella viridis Ghosh. (Kg. 118.) 

■^Stentcyr viridis, Ghosh, 1921 a, p. 15, fig. 9. 
Stentor rceaeU, Kahl, 1930-5. p. 464, fig. 76, 10, 12, 17, 20, 23, 24. 

Body elongately conical with a truncate apical end when 
fully expanded ; ovoid to pyriform when contracted. Colour, 
yellow. Peristomial margin not expanded, and slightly less 
in width than the greatest width of the body. Pseudostome 
raised cushioh-wise. Peristomial notch shallow. Longi- 
tudinal ciliary striae distinct. Cilia over the general surface 
of the body fine and uniform, those at the truncate aboral 
end long and stout. Contractile vacuole irregularly spherical, 
placed immediately beneath the pseudostome, with a canal 
extending to the aboral pole and presenting a fusiform dilata- 
tion. Macronucleus ribbon-shaped, much coiled, and extending 
through the entire length of the body. 

Dimensions. — ^Length 250-300/Lt. Width 75-80/ii. Dia- 
meter of pseudostome 43 /x. 

Bemarks. — ^The animalcules are found in pond water 
amongst VorticeOa and Epistylis colonies. They are never 
social. The species resembles S. roesdi and S. barretti in 
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the form of its maoronueleus, but differs from them in its 
smaller size, and the absence of bristles and a gelatinous 
sheath. Kahl (1930-5) doubts the specific identity of the 
form and regards ;??. harretti Kent, S. gracilis Maskell, and 
8. viridis Ghosh as sjTionyms of S. roeseli Ehrbg. 

Habitat. — ^Pond-water, among Vorticella and E'pistylia 
colonies : Bengal, Calcutta. 

139. Stentorella sp. 

^SterOor sp., Carter, 1856 6, p. 119. 
Habitat. — ^Fresh water : Bombay. 



5. FamUy FOLLICULINID.^ Dons, 1912. 

Marine forms, living in pseudochitinous tests. Peristome 
drawn out into two wings, with the adoral zone continued 
along the margin of both. Peristomial surface ciliated. No 
undulating membrane present. 



Genus FOLLICULmA Lamarck, 1816. 

FoUiauKna, Lamarck, 1815-16, ii, p. 29. 
? FolUcuUna, part, emead. Bory, 1824. 

I'reia, Olaparfede & Lachmann., 1858-61, p. 217; Stein, 1867, 
p. 272 ; Fromentel, 1874, p. 150. 

FoUkidina, Kent, 1880-2, p. 696 ; Biitschli, 1887-9, p. 1728 ; 
Hickson, 1903, p. 407 ; Dons, 1912, pp. 73-93 ; Penard, 1919, 
pp. 305-19, pis. i, ii ; Calkins, 1926, p. 407 ; Lepsi, 1926 a, 
p. 64 ; Reiohenow, 1929, p. 1189 ; KaJhl, 1930-5, p. 469. 

Body highly elastic and contractile, secreting a horny 
sheath or lorica, to which it remains fixed by its posterior 
extremity. Peristome oocup3dng the whole of the anterior 
extremity, prolonged into two elongate and usually sym- 
metrical, flattened, lappet-like lobes, Qie deft between which 
is deepest on the ventral side ; peristomial fringe originating 
on the ventral side at the base of the right-hand lobe, skirting 
the entire margin of the bilobate frontal border, descending 
in a shortly revolute spiral manner into the oral aperture 
on arriviag at the base of the left-hand lobe. Peristomial 
or adoral (Sia very long, those of the general cutioular surface 
exceedingly fine, disposed in even longidudinal rows. Anal 
aperture situated close to the base of the left-hand peristomial 
lobe. Contractile vacuole central or absent. Maoronueleus 
oval, central, or elongated and moniliform. Mostly iohabiting 
salt water. 
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140. Folliculina ampulla (0. F. MiiUer) Lamarck. (Fig. 119.) 

Vortieella am^mlla, O. F. MiiUer, 1786, pp. 283-5, pi. 3d, figs. 4—1. 

FoUiouUna ampuUa, Lamarck, 1816-16, ii, p, 30. 

Freia ampulla, Clapar^de & Lachmann, 1868-61, pp. 221-2, pi. ix» 

figs. 6, 7. 
Freia cteulecaa, ClaparSde & Lachmann, 1858-61, p. 221, pi. x, 

figs. 5, 6, 8. 
Fonimlina ampiiUa, Steia, 1867, pp. 275-89, pis. x, xi ; Kaat, 

1880-2, pp. 597-8, pi. xxix, figs. 21-28; BiitsohU, 1887-9, 

pi. box. fig. 3. 
■^FolUculina a/mpvUa, Amnandale, 1907, pp. 37, 143. 
FolUoulma ampiMa, Dons, 1912, p. 81 : Sahrhage, 1916, pp. 139- 

74, pis. X, xi; Lepsi, 1926 0, p. 73, figs. 338-40; Calkins, 

1926, p. 160. fig. 84 b; Eeichenow, 1929, p. 1189, fig. 1172; 

Kahl, 1930-5, p. 470, fig. 77, 5, 5 a. 

Very large. Body lodged in a sheath or lorica, which is 
deep blue-green or sea-green, flask-shaped, attached laterally,, 
with the neck bent upwards. Necsk short ia young individuals, 
but becoming much prolonged with age and usually ornamented 




Fig. 119. — FoOAeuMna ampuOa (O. F. Mull.). 1, 2, wing-lxke outgrowlihs 
on which the adoral zone is extended; 3, oytostonae 
at the bottom of the peristomial funnel ; 4, fiaox-sbaped 
test in ■mhioh the aniiml can, withdraw itself; 5, macro- 
nucleus. (From Reichenow, after Steia.) 
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with either horizontal or spirally ascending annulations or 
with longitudinal flutings ; margin of aperture even, circular. 
Animalcules similar in colour to the sheath. Peristome 
reaches deep in the anterior part of the neck, and bears two 
similar wing like lobes, which are from three to six times as 
long as broad and bluntly or sharply pointed at their end, 
and which bear an adoral zone of membranelles. Cytostome at 
the bottom of the peristomial funnel. Macronucleus spherical. 
Length of the lorica up to 1000 fx. Marine. 

Remarks. — ^Annandale noted the occurrence of F. am/pvlh, 
without mentioning the name of the author of the species. 
According to Kahl (1930-5) J'.o-mjwMaCO.F.MiiU.); F.moebiuai 
Kahl {==Frei ampidla Mobius ; F. ampulla Sahrhage); 
F. {Fnia) acvleata (CI. & L.) (=a«ipMZZa St. parfcim) ; and 
F- boUoni Kent (==F. ampvUa CI. & L., F. simplex Dons, 
Aacobiiis lentus Henneg.) are distinct species. 

Habitat. — Brackish water pond : Lower Bengal, Port 
Canning. In dose association with the hydroid stage of 
Irene ceyUmensis {=Campanulina ceylonensis) . 



6. Family BURSARIDiE Perty, emend. 
Kahl. 

Body finely ciliated. Peristome forming a sac-Kke depres- 
sion of the anterior end, which is provided with a ventral 
slit. Adoral zone runs in this depression and is continued 
into the bent oral funnel. Peristomial surface is not ciliated. 



Genus BUHSARIA 0. P. MiiUer, 1773. 

Bwsaria, O. "F. MiUler, 1773, p. 62 ; part, Ehrenberg, 1838, p. 325 . 
part, Diijardin, 184:1, p. 608 ; emend. Clapar^de & Lachinaiiii, 
1858-61, p. 251 ; Stein, 1867, p. 297 ; Kent, 1880-2, p. 575 
SohTibei^l886, p. 335 ; Biitsohli, 1887-9, p. 1726 ; Boux, 1901 
p. 82; Hickson., 1903, pp. 405, 406; Minchia, 1912, p. 439 
Penard, 1922, pp. 20&-8 ; Lepsi, 1926 a, p. 65 ; Calkins, 1926, 
p. 408 ; Sohoeaiohen, 1927, p. 220 ; Kahl, 1927 a, p. 198 ' 
1930-5, pp. 476-9 ; Beiohenow, 1929, p. 1190. 

Animalcules free swimming, very large, colourless or 
brownish ; form constant, flexible, when moderately extended 
purse-shaped, ventral surface somewhat flattened. Anterior 
extremity broadly truncate, posterior extremity broad, 
Tounded or somewhat pointed. The chief feature is the great 
and characteristic development of the peristomial field. 
Peristome is wide, funnel-shaped, and extends to even further 
back than the middle of the body ; the posterior tube-like 
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naxrower portion of the peristome usually bends over to the 
left ; enclosed in the peristome is an elongated and very 
narrow mouth-cleft, running almost the whole length of the 
peristome along the right side. An adoral zone, consisting 
of very broad membranelles, extends on the left side along the 
whole length of the peristome, but does not extend over its 
anterior border. Anal aperture postero-terminal. Contractile 
vacuoles usually absent, but sometimes many distributed 
all over the body. Macronuoleus long, band-shaped, and 
meandering ; micronuclei numerous. Cysts spherical with 
a double coat. Inhabiting fresh water. 

R&nmrka. — ^Writers prior to Stein, and ClaparMe and 
Lachmann included in the genus Bwsaria a large number of 
widely diverse forms, now distributed, with one or two excep- 
tions, among the genera Plagiotoma, Nyetoth&ms, Levaophrys, 
Ophryoglena, Balaniidm/m, Pa/rawxcivim, and Opalvna. Out 
of a score of species associated with the title Bursaria by 
Ehrenberg, only one, Bursceria truncatella Muller, is now left 
to represent the genus. 

141. Bursaria truneatella O. F. Miiller. (Fig. 120.) 

Bvraa/ria truncateUa, O. F. MfiUer, 1773, p. 62; 1786, p. 115, 
pi. xvii, flgs. 1-4; BhrenTDerg, 1831, p. 110; 1838, p. 326, 
pi. xxxiv, fig. V, 1, 2. 

Bursaria vorticella, Ehrenberg; 1838, p. 326, pi. xxziv, fig. vi, 
1-3. 

Bwrsa/ria deoora, OlaparSde & IiaohmaiTn, 1868-61, p. 252, pi. ziii, 
fig. 1. 

Bursaria truncateUa, Stein, 1859 d, pp. 78, 81, 95, 100 ; 1867,. 
pp. 300-9; Kent, 1880-2, p. 576, pi. xxix, figs. 1 & 2; 
Sohuberg, 1886, pp. 333-66, pis. jdx, xx; Butsohli, 1887-9, 
p. 1726, pi. bzvii, fig. 6 ; pi. Ixviii, fig. 1 ; Eoux. 1901, p. 83, 
pi. V. fig. 4 ; Hioksoa, 1903, p. 407, figs. 69, 60. 
fBwraaria truneatella, Bhatia, 1922, p. 30. 

Bwrsaria trumsateOa, Penord, 1922, pp. 20S-8, fig. 203 ; Lepsi, 
1926 o, p. 71, fig. 318; Calkins, 1926, p. 160, fig. 84 A; 
Sohoeniohen, 1927, p- 220, pi. xii, fig. 62 ; Kahl, 1927, pp. 198-9, 
fig. 40; 1930-6, pp. 476-9, fig. 78, 1-i ; Reiohenow, 1929, 
p. 1190, fig. 1173. 

Body broadly ovate, purse- or sac-shaped, the ventral 
surface flattened, the dorsal convex ; scarcely one and a half 
times as long as broad, widest posteriorly, narrowed shghtly 
at the truncate anterior extremity, the frontal angles rounded. 
The margin of the right side convex, usually longer than that 
of the left, the margin of the shorter left side slightly concave. 
Contractile vacuoles many, distributed all over the body. 
Macronueleus long, band-like, and meandering ; mioronudei 
p.umerouB. Pond and marsh water. Feeds on diatoms and 
organic debris, etc. Movements swift, with rotation on the 
longitudinal axis. 

cur,. B 
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Dimensions. — ^Length up to 1-5 mm. 

Remarks. — As observed by Kent, the species is apparently 
by no means cosmopolitan, but when present usually 
■occurs in considerable abundance. Specimens were found 
in considerable numbers at Lahore, and were of a large size, 
easily visible to the naked eye and opalescent white in appear- 
ance, creeping about slowly. Various authorities, Butschli 
(1889), Hickson (1903), Lang (1913), Doflein (1916), seem to 
dififer in their interpretation of the same figure which they 
reproduce jfxom Schuberg. Bhatia (1922) has fully discussed 
these differences of interpretation. 




Fig. 120. — Bwraaria trunoateUa O. T. M-Qller. o.cl., oral deft ; 
P.b., peiistomial band ; P.6.1, posterior prolongatioa 
of the peristonual boad ; Pp., peristoinial depTession ; 
P.pl, peristonual plate ; S, sphincter myophan band ; 
8f, peiistomial striations. (After Schuberg.) 



Although there is a posterior tube-like continuation of the peri- 
.stome, it seems best to say that there is no gullet, as, properly 
speaiking, there is no oytopharynx following a definite cy tostome, 
ih& gutter-like elefl serving the purpose of a mouth-opening. 
Kahl (1927), contrary to the opinion of all other observers, 
states that he is unable to find an oral cleft, but that in pressed' 
Animals there is a oleffc-like folding of the neighbouring plate. 
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Again, Biitschli writes : " Ciliation moderate ; the peri- 
atomial field unciliated. Undulating membrane -wanting." 
Lang (1913, fig. 155, 10) indicates a " peristomplatte," wMch 
is finely cUiate along the &e& edge, while Hickson (1903, 
fig. 59), referring to the peristomial cavity, says : " a thin 
vertical fold projects into this cavity on the right side (left 
in the figure) and a thicker striated fold projects into it on 
the left side." In my specimens I was not able to make out 
this vertical fold on the right side, though there was a distinct 
flap along the left of the peristomial field, and this flap bore 
fine cilia along its free edge in the prominent anterior portion 
•only. The cavity of the peristome is the entire area enclosed 
betM^een the two cross-striated lines curving backwards from 
the anterior margin of the body and not merely the space 
enclosed between the so-called peristomial bands represented 
dark in the figure as here reproduced (fig. 120). 

Habitat. — ^Pond water : Punjab, Lahore. 



Inobkt^ sedis. 
Genus PARABURSARIA Ghosh, 1921. 
Pa/rabursaria, Ghosh, 1921 a, p. 12. , 

Agrees with BalaTvtidium in having a cup-shaped peristome 
at the anterior end, but is said to differ from it in having an 
adoral zone of cilia outside the peristome (sic). It differs 
from Bursmia MuJler and Bwracmdium Lauterborn in having 
no ojrtopharynx, and from the latter in having no membranelles 
and in the presence of the adoral zone of cilia. 

Bema/rka. — ^In my opinion the genus is not sufficiently 
characterized and the species is inadequately observed and 
described. I do not consider the genus as a valid one, but 
have quoted the description from the original author for 
convenience of reference. 

142. Paraborsaria pheretiina Ghosh. (Fig. 121.) 

■\ParabwraaHa pheretima, Qhoah, 1921 a, pp. 12-13, fig. 10. 

Body irregularly spherical, with an annular constriction 
in the middle and a rounded prominence on one side of the 
anterior portion. Peristome cup-shaped, occupying the 
truncate anterior end. No cytopharynx. Posterior end 
rounded. Minute cilia arranged closely in longitudinal rows. 
An adoral zone of long eiUa extending from the left side of the 
peristome backwards beyond the middle of the body and then 
nearly horizontally from left to right round the body, for 
about one-third its oireumferenoe. Contractile vacuole srogle, 
subcentral. 

b2 
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Measurements not stated. 

Habitat. — ^In the seminal vesicles of Ph&retvma posthuma 
(L. Vaill.) : Bengal, Calcutta. 




Pig. 121. — Par(^mrsairia pheretima Ghoah. (After Ghoah.) 



7. FamUy BAJLANTIDIID^ Reichenow, 1929. 

Body finely ciliated. Peristome forms a cleft, broader 
anteriorly and extending from the anterior pole of the body 
more or less backwards towards the ventral surface. Dorsal 
wall of the peristome provided with an adoral row of long cilia. 
Peristomial surface not cihated. Cytostome situated at the 
bottom of the peristome and may be followed by a distinct 
cytopharynx. Endoparasitic. 



Genus BALANTIDinM ClaparMe &, Lachmann, 1858, 
emend. Stein. 

Sursaria, paxt, EUurenberg, 1838, p. 325. 

Lewiophrys, part. Stein, 1859 d, pp. 72, 80, 88, 95. 

Plagiostoma, part, ClaparSde & LachmoDiL, 1858-61, p. 241. 

Balantidium, ClaparMe & Lachmann, 1858-61, p. 247; Stein, 1867, 
p. 309 ; Fromentel, 1874, p. 186 ; Kent, 1880-2, p. 577 ; 
ButsohK, 1887-9, p. 1724. 

Salantidopais, Butschli, 1887-9, p. 1725. 

BalanMclium, Hickson, 1903, pp. 406, 406 ; Bezzenberger, 1904, 
p. 157; Minohin, 1912, pp. 439, 440; Hegner & Taliaferro, 
1924, pp. 387, 415-33 ; Csakina, 1926, p. 408 ; Weuyon, 1926, 
p. 1201 ; Bhatia & Gulati, 1927, p. 102 ; Knowles, 1928, p. 527 ; 
AM, 1928-9, p. 89 ; Reichenow, 1929, p. 1190 ; Thomson & 
Bobertson, 1929, pp. 268-74 ; Kudo, 1931, p. 374. 

BdUmticliopHs, Kudo, 1931, p. 374. 

Batamtidmn, Hegner, 1934, pp. 38-67. 

Body ovate or pear-shaped, completely covered by spiraHy- 
arranged parallel rows of cilia. Anterior end slightly trun- 
cate ; peristome straight, somewhat triangular, widest 
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anteriorly, beginning at the anterior end of the body, and 
■with its narrow posterior end on the ventral surface. Oyto- 
stome situated in the depression of the peristome and followed 
by a eytopharynx which ends blindly in the sndoplasm. 
An adoral row of long cilia commences at the posterior end 
of the peristome, passes along the right margin ojf the peristome, 
Across its anterior margin, and then backwards along the left 
margin to a point near where it started : it then passes into 
the cytostome, and is continued backwards in the same spiral 
manner till it reaches half-way down the eytopharynx, where 
it ends. Contractile vacuoles one or many. Anal aperture 
postero-terminal. Macronucleus sausage- shaped or spherical, 
"with a small mioronucleus closely applied to it. MultipKoation 
by transverse fission ; conjugation has been repeatedly 
observed in B. coli. Transmission to other hosts through 
formation of spherical cysts. Occurring as parasites within the 
intestinal viscera of many vertebrate and invertebrate hosts. 

Bemarks. — Bhatia and Gulati (1927) have reviewed the 
literature on this genus. Bursaria entozoon of Ehrenberg was 
made the type of the genus Balantidium by ClaparMe and 
Lachmann. Biitschli established a new genus, Balaididi- 
<ypsis, for B. duodeni. The genus BdkiTiiidwpsis is distin- 
guished as broadly egg-shaped, flattened, with spherical 
macronucleus and a single contractile vacuole at the posterior 
■end. Schaudinn amalgamated the two again. Schweier, 
apparently without knowledge of Schaudinn's work, adhered 
to Butsohli's arrangement of the species in two genera. 
Bezzenberger discussed the reasons for which the two genera 
•cannot be recognized as distinct and re-grouped all the species 
under Bcdantidiwm. Ab6 (1928-9) has reclassified all the 
species of Balantidium and referred them to three genera, 
viz., BdlanHdium, Baiantidiopsis, and Protobalardidium, the 
last being newly established by him and characterized by 
having an oval, egg-shaped, or elongated cylindrical body, 
circular or oval in section, with the peristome bearing mem- 
braneUes, tmdulating membrane, or a row of cilia on its inne 
wall. I do not propose to foUow this classification, and have 
grouped all the species imder the generic titie of Bdkmtidium. 

Up to 1933 thirty-two species, together with some doubtful 
ones, had been described as belonging to this genus. Of these 
two are from Coelentrates, and of these one is also found in 
Annelids ; one from a Turbellarian, six from Arthropods, two 
from Molluscs, two from Fishes, twelve from Amphibia, one 
from a Reptile, and six from Mammals. Hegner in 1934 
reviewed the data on which specificity is based in this genus 
and described six new species. Three of these are from 
monkeys, one from the camel, one from the opossum, and 
■one from the ostrich. 
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Key to Indian Species*. 

1 (17). Peristome not reaohing the middle of 

the body 2. 

2 (12). Body round in transverse section. ... 3-11. 

3. Contractile vacuole 1. Maoronucleus 

spherical. Body irregularly pyri- [p. 249, 

form. Length 90 /i B. blattarum Ghosh, 

4. Contractile vacuole 1 or more. Maoro- 

nucleus kidney-shaped. Body elon- 
gated egg-shaped, 76-130 ft by i50- 
70 fi B. helensB Bezz., p. 259- 

5. Contractile vacuoles 2. Maoronucleus 

oval. Body oyUndrical. Transverse 
diameter throughout similar. Length 
to breadth as 10 : 1 up to 6 : 1. 130- 
360 li by 23-36 /j. B. graoUe Bezz., p. 258. 

6. Body cylindrical. Transverse dia- 

meter wider near hinder end. Length 

2i to 3 times the width. 90-142 fi by 

33-62 yn (Stein and Bhatia & Gulati). 

According to Kent, leng;th equals [p- 256. 

208-292 ft B. elongatum Stein, 

7. Body egg-shaped, broader, 30-200 ^ [p. 249. 

by 20-70 li • B. coU (Malmsten), 

8. Body egg-shaped, greatest width in the [p. 253. 

middle, 60-120 /i by 44-90 fn. Macro- [Cooper & Gulati, 

nucleus ribbon-like with folded ends. B. coli var. bovis, 

9. Contractile vacuoles 3. Maoronucleus 

broadly oval. Body torpedo-shaped, 

with axial and peripheral fibres in the 

peristomioal area, 150-319 n by 35- [p. 264. 

65 n B. atisMlu Bay, 

10. Body large, oval. Peristome wide, 

cylmdrical, obliquely directed. [p. 266. 

Maoronucleus oval B. teatudinis Chagas, 

11. Contractile vacuoles 4. Maoronucleus 

oval or kidney-shaped. Body egg- fp. 237. 

shaped, 205 ft by 133 n B. giganteum Bezz.. 

12 (2). Body oval in transverse section 13-16. 

13. Contractile vacuole 1, suboentral. 

Maoronucleus oval. Body oval with 

a deep concavity on the ventral but- [p. 253. 

face, 50-63 ft by 37 ft B. depressum (Ghosh), 

14. Contractile vacuole 1. Maoronucleus 

broadly oval. Body ovate. Length [p.261. 

85 ft B. ovatum Ghosh, 

15. Contractile vacuole 1. Maoronucleus 

oval. Body almond-shaped, 60 by [Gulati, p. 247. 

35 ft B. amygdaUi Bhatia & 

16. Contractile vacuole 1. Maoronucleus 

circular and disc-like. Body ovate, [p. 262. 

10-11 ft by 5 fi S. rhesum Ghosh, 

17 (1). Peristome reaching the middle of the 

body or further 18. 

• A key to all the species of the genus known up to 1926, and the list 
of hosts ore given in Bhatia & Gulati (1927). 
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18 (23). Body flattened 

19. Contractile vacuole 0. Macronuoleus 

oval. Body egg-shaped, anterior end 
broader, 40-50 /i by 29-40 fi. Peri- 
stome showing two depressions or 



20, 



21 



22. 



Contractile vacuole 1. Macronuoleus 
round or oval. Body ovate, with a 
grantilar area in the anterior half. 
Length 41-62 ft (Stein), 74-115/* 
(Bhatia & Gulati), 86-130/1 (Kent). 
Width 37-52 ft (Stein), 53-71 /* 
(Bhatia & Gulati). Dobell gives 75 /i 

ijy 56 /i for his form 

Contractile vacuole 1. Macronuoleus 
oval. Body round or broadly egg- 
shaped, 56 /t by 44 /t. Peiistcme 

sUt-like 

Contractile vacuole 1. Macronuoleus 
rounded or broadly oval. Body ovate, 
40/4 by 25 /*. Peristona© large, ovate. 

23 (18). Body rounded in transverse section . . 

24. Contractile vacuoles 2. Macronudeus 
oval. Body oval, anteriorly tapering 
to a blunt point, 65 /t by 40 /t 



19-22. 



[Gulati, p. 248. 
B. bica/oata Bhatia & 



[p. 254. 
B. duodeni Stein, 



[p. 263- 
B. rotundum Bezz., 

fp. 260. 
B. knowUsii Ghosh, 



[p. 262. 
B. ranarum Ghosh, 



143. Balantldlum amygdalli Bhatia & Gulati. (Kg. 122.) 

■fBalantidium amygdalli, Bhatia & Gulati, 1927, p. 110, fig. 11. 
Protobalantidium (!) amygdalli, AbS, 1928-9, p. 89. 
Balantidium mnygdalli, Hegner, 1934, p. 49, fig. 46. 

Body almond-shaped, narrow anteriorly and broadest 
behind the middle. Len^h of the body one and a half times 
the width. Peristome very small, extending a very short 
distance from the anterior end and narrowing posteriorly. 

Pig. 123. 





Fig. 122. — BaloKHdmLm amygdalli Bh. & O. 
Fig. 123. — Balamtidium, bicavata Bh^ & G. 



(After Bhatia & Gulati.) 
(After Bhatia Ss Gulati.) 
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Contractile vacuole anterior. Macronucleus eUipsoidal. Micro- 
nucleus rounded or somewhat oval. 

Dimensk/m. — ^Length 50 ju,, maximum width 35 ju.. 

Remarks. — ^The cytoplasm is granular and the ectoplasm 
clearly marked off from the endoplasm. Cilia are fine and 
close set and are disposed in longitudinal rows on the surface 
of the body. Just internal to the basal granules is a layer of 
trichocysts. The contractile vacuole is placed close to the 
peristome. The macronucleus contains several large deeply 
staining chromatin masses in its interior. The micronucleus 
shows fine chromatin particles in it. 

The form somewhat resembles B. ovatunt Ghosh, described 
from the cockroach, Periplaneta americana, in the shape of the 
body, but differs firom it in the shape of the macronucleus, 
"Which is oval and not spherical, and in the contractile vacuole 
being situated anteriorly. It fiirther differs from that species 
in the absence of the canal leading from the contractile vacuole, 
which is characteristic of that species. 

EaMM. — Rectum of Bufo macrotis Bouleng. : Pjnjab, 
Sialkot. 



144. Balantidium bieavata Bhatia So Gulati. (Fig. 123.) 

^BaUimtidium bieavata, Bhatia & Gtilati, 1927, p. 109, fig. 10. 
ProtobcUamidvum (?) bieavata, Ab6, 1928-9, p. 89. 
Bdiantidiuin bieavata, Eegner, 1934, p. 48, fig. 47. 

Body oval in form, anterior end broadly roxmded, posterior 
end somewhat narrower, with the greatest width in the anterior 
half of the body, from one and a quarter to one and a half 
times as long as wide. Peristomial field excavate in front, 
and, instead of running as a single furrow or groove, shows 
two depressions or bays on the ventral surface, extending 
up to the middle of the body. Contractile vacuole absent. 
Macronucleus oval. Mieronuoleus oval. 

Dimensions. — ^Length 40-50 ju, maximum width 29-40 ;u,. 

Eemarks. — ^The cytoplasm has a granular appearance. 
There is no marked (ifferentiation between cortex and medulla. 
The cilia are fine and close set and are disposed in oblique 
longitudinal rows. Trichocysts are present and form a dis- 
tinct row just beneath the outer layer. The macronucleus 
contains a dark centrally placed chromatin mass and other 
irregularly scattered chromatin particles. The micronucleus 
is placed in the anterior half of the body. 

This species differs from the others in the form of the body, 
the character of the peristome, and the form and structmre 
of the macronucleus. 

Habitat. — ^Rectum of Bufo mdanoatidus Schneid. : PtnsrJAB, 
Lahore. 



BATiANTIDIUM. 



249 



145. Balantidium blattaram Ghosh. (Fig. 124.) 

•fBalantidium blattarum, Ghosh, 1922 a, pp. 15-16. fie. 1 • Bhatia & 
Gulati, 1927, p. 111. ' "« . 

BcUaniidium blattarum, Hegner, 1934, p. 49, fig. 39. 

Body irregularly pyriform, slightly less than twicse as long 
as its greatest transverse diameter, and circular in transverse 
section. Anterior end tapering and rounded, posterior end 
obHquely truncate. Body ciha small and closely arranged. 
Peristome small, about one-third the body in length, somewhat 
cylindrical and directed backwards and medianwise. A large 
undulating membrane along the anterior margin of the 
peristome, and a row of stout oiHa along its posterior margin. 
Endoplasm coarsely granular and surrounded by a distinct 




Fig. 124. — Balantidmm blcMarum Ghosh. (After Ghosh.) 

hyaline ectoplasm. Contractile vacuole large, posterior. 
Macronucleus spherical, central. 

Dimenaians. — ^Length 90 ]u. 

Habitat. — ^Intestine of Periplaneta americana : PxnsrJAB, 
Lahore ; Bbngai, Calcutta. 



146. Balantidium coll (Malmsten). (Fig. 125.) 

ParamsBwum (!) eoK, Malmsteii, 1857, pp. 302-9, figs. 1-6. 
Plagiostoma eoU, COaparfide & Laohmann, 1S58-61, pp. 241-3, 

pi. ad, fig. 10. 
Leueopjarya coU, Stein, 1860 b, p. 47. 
ParamcBoium (?) odli, Leuokart, 1861, pp. 80-6, pi. v, figs, a, b ; 

1863, pp. 146-51, fig. 21. 
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Balantidvum coU, Stein, 1867, pp. 320-5, pi. xiv, figs. 10, 14-18; 

Kent, 1880-2, p. 578,pl.xxix, figs. 16, 17; Mitter, 1891, pp. 1-41, 

1 pi.; Noc, 1908, pp. 878-80; Brumpt, 1909, pp. 103-5; 

Minchin, 1912, p. 440 ; Walker, 1913, pp. 333-49, 7 pis. 

■fBalantidium ooU, Castellani & Chalmers, 1919, pp. 247-8, fig. 200. 

BalantidHum coli, Dobell & O'Coimor, 1921, p. 107, pi. vii, fig. 100 ; 

McDonald, 1922, pp. 243-300, pis. xxvii, xxviii. 
fBaiantidmm coli, Sinton, 1923, p. 432. 
BcUantidium ooH, Hegner & Holmes, 1923, pp. 252-63, pis. v, vi 
Hegner & Taliaferro, 1924, pp. 416-27, figs. 161, 162 a. 163, 164 
Lepsi, 1926 a, p. 70, fig. 309 ; Wenyon, 1926, pp. 1201-1210 
N6i;er, 1926, pp. 89, 90, figs. 28, 29, 1-3 ; Craig, 1926, pp. 618- 
23, figs. 89, 90. 
^BaUmtuiium coli, Knowles, 1928, pp. 527-530, figs. 133, 134; 
Chatterjee, 1928, p. 79. 
Bakmtidiwm coli, JReiohenow, 1929, pp. 1192—4, figs. 1174-6 ; 
Thomson & Robertson, 1929, pp. 268-73, figs. 173, 175-8, 181 ; 
Kudo, 1931, p. 374, fig. 161, 6, o; Hegner, 1934, pp. 41-6, figs, 1, 
4, 14, 17. 

Body egg-shaped, slightly broader at the posterior end, 
narrowed and pointed at the anterior end. Cilia over the 
entire body arranged in longitudinal rows with a slightly 
spiral course. Peristome on the ventral surface, at the 
anterior end, placed somewhat obliquely, varying in its 
appearance with the constant changes in the shape of the 
anterior end of the body from a wide open depression to 
a longitudinal groove or sUt. Adoral zone of cilia passes 
round the peristome and through the oytostome into the 
cytopharynx. Cytostome can be closed by a very mobile 
non-ciliated oral plug. Cytopharynx short. Ectoplasm clear. 
McDonald (1922) has described in association with the cyto- 
stome and adoral cilia a neuro-motor system of fibres and 
a co-ordinating centre or motoritmi, which is embedded in 
the ectoplasm near the cytopharynx. Endoplasm varying 
with the state of nutrition. Sometimes with numerous 
vacuoles, each of which contains a highly refractile globxile ; 
at other times the vacuoles contain red blood- corpuscles, 
leucocytes, or other d6bris. Contractile vacuoles two, one 
at the posterior end and the other near the middle of the 
body. Anal aperture present at the posterior end of the body. 
Maoronucleus sausage-shaped or bean- shaped, lying more or 
less transversely at the middle of the body, with a small 
micronucleus close to it. Reproduction by transverse fission 
preceded by division of the two nuclei. Repeated and rapid 
binary fissions lead to the formation of " nests " of parasites 
in the tissues of the host. Cysts of two types have been 
reported. Two Giliates become attached to one another by 
their peristomes and enclosed in a cyst. Exact details of 
conjugation within the cyst not known. More frequently, 
siagle individuals become encysted. 

Dwnensions. — Size from 30 to 200 ju. or more in length and 
from 20 to 70 fj, in breadth. The usual range is 50-70/* long 
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by 40-60/u. -svide. Cysts measure 50-60^ in length, and 
sflghtly less in breadth. 

Eemarke. — B. coli is widely distributed throughout the world, 
and has been recorded from man, monkeys, and pigs. In 
human beings infection is most common in individuals who come 
into association with pigs, and it is believed that the Ciliate 
is a common parasite of the pig and occasionally infects man 
and monkeys. A second widely different species, B. suis, also- 
oocurs in the pigs, but is not known to infect man. 




C.V. a. 



Fig. 125. — A. Bcdantidium coli (Malm.), c.ii.l. anterior coatractUe 
vacuole ; e.v.2, posterior contractile vS/Cuole ; .t.v, food- 
vaouole ; mo, peristome leading to the mouth ; A'', macro- 
nucleus ; n, micronucleus. B. Encysted form. (After 
Dobell & O'Connor.) 



Wenyon (1926) has given an excellent summary of all that 
is known about this species. The supposed pathogenicity, 
pathology, experimental work to test the susceptibility of 
different animals, and the action of various drugs are all fully 
discussed in his work. Hegner (1934) has summed up the 
present position of the species occurring in man, chimpanzee,, 
and pig. 
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Records from India are scanty. Sinton (1923) recorded 
a symptomless infection with B. coli in a Pathan prisoner 
in the Lahore jail. Ramsay informed Knowles that infection 
is not uncommon in the Cachar tea-gardnes. Shanks also 
informed hi'm of a fatal case of balantidial dysentery that 
occurred at the Calcutta Medical College, and Knowles himself 
■observed a case of infection. As remarked by KJiowles (1927), 
" BaJantidium infection is usually symptomless and is present 
in the ' carrier state,' and only occasionally does it give rise 
to dysentery. When dysentery does set in, however, it is apt to 
be very severe ; extensive necrosis and sloughing of the 
mucous membrane of the colon takes place and mortality 
rates are apt to be high." 

Cultivation. — ^Prowazek (1913) kept B. coli from man alive 
for seven days by mixing physiological saline with faeces. 
Barret and Yarbrough (1921) used a mixture of 0-5 per cent, 
.sodium chloride solution and inactivated hmnan serum in 
the proportion of 16 : 1, and were able successfully to cultivate 
the Ciliate for thirty-eight days, during which time eleven 
transplants were made. In 1923 Van der Reis attempted 
to cultivate Bcdantidia fifom man, using a medium composed 
of 5-0 per cent meat bouillon and 0'5 per cent, saline combined 
with human blood serum in the proportion of 10 : 1 or 16 : 1. 
He had no success until he added 24-hour cultures of BaciUMS 
fecalis alkdiigenes to his culture of Balantidium, but by this 
addition he was able to maintain the culture for thirty-two 
days. Rees (1927) and Jameson (1927) were both successful 
in cultivating Balantidiuin from the pig for some time. 
Rees employed Ringer's solution in place of 0-5 per cent, saline 
used by Barret and Yarbrough, combining it with either 
horse or human blood-serum, or Loeffler's dehydrated blood- 
serum in the proportion of 9:1. He also found that the 
addition of stenle rice starch to this medium aided materially 
ia the cultivation of Bcdaniidium. Jameson cultivated the 
organism for about three months, using a modification of the 
medium devised for the cultivation of intestinal amoebae, 
a slant of coagulated horse-serum covered with Ringer's 
.solution, with or without egg-white. He also found addition 
of rice starch essential for the cultivation of this CiUate. 
■Sehumaker (1931 a) has also cultivated B. coli successfully, 
using the technique of Rees and of Jameson. He used for 
each tube 10 c.o. of a medium consisting of 1 c.c. of sterile 
horse-serum and 9 c.c. of sterile Ringer's solution of the 
formula :—NaCl, 6-50 g. ; KCl, 0-14 g. ; CaClg, 0-12 g. ; 
NaHCog, 0-20 g. ; NaH2P04, 0-01 g. ; distiUed water 1000 c.c. 
He, too, found the addition of stenle rice staxch essential. 

Habitat. — ^Human stools : PtnrJAB, Lahore ; BbngaXi, 
•Calcutta ; Assam, Cachar ; Ceylon. 
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147. Balantidium eoli var. bovls Cooper & Gulati. (Fig. 126.) 

f£alanMdium eoK, var. bcwis. Cooper & G-ulati, 1926, pp. 192-3, 

pi. si. 
Balantidmm eoli var. bovis, Hegner, 1934, p. 49, fig. 33. 

Body egg-abaped, narrower, and tapering anteriorly, broad 
and rounded posteriorly. Length and breadth in the ratio of 
4:3. Greatest width in the middle of the body. Body 
covered with fine, small, and close-set cilia, arranged in 
longitudinal paxallel rows. Adoral cilia distinctly longer. 
Peristome short and funnel-like, situated near the anterior pole, 
but not quite terminal, inclined towards the median plane. 




FV. 



Fig. 126. — BdUxnUdium eoK v. bovis C. & G. e.v, eontraotfle vacuole ; 
F.V., food-vaouole ; JlfJiT. macronucleus ; Mi<sro.N^ 
mioronuoleus. (After Cooper & GKilati.) 

Contractile vacuoles two. Macronucleus a ribbon-like struc- 
ture folded at each end, appearing oval or bean-shaped in 
a darkly stained specimen, in which case the folds at the two 
ends cannot be seen. Mieronucleus adjacent. 

Dimen^ioTis. — ^Length 60-120/i, breadth 44r-90^. 

Semarks. — ^This variety dirors from B. eoli from man, 
in that the greatest width of the organism is in the middle of 
the body, and the macronucleus is ribbon-shaped with folded 
ends. 

Sahitat. — ^Intestine of cattle : Assam. 



148. Balanlldium depressum (Ghosh). (Fig. 127.) 

■\B<dantidiopais depressum, Ohosh, 1921 a, p. 13, fig. 12. 
B<dantidium depressum, Bhatia & Oiilati, 1927, p. 104. 
ProtobcUcmtidiiim depressum, Ab6, 1928-9, p. 89. 

Body simply or elongately oval, slightly narrowed, and 
rounded anteriorly, wide and tapering to a point posteriorly ; 
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oval in transverse section. A deep concavity on tlie ventral 
.surface, occup3ring the posterior third of the body. Longi- 
tudinal ciHary striae distinct and close to one another. Peri- 
stome small and fusiform, about one-fifth of the body-length 
and directed obliquely backwards. A row of longer cilia 
placed along its left margin. Contractile vacuole posterior and 
lateral. Maeronucleus oval and central. Micronucleus spheri- 
cal and placed at the side of the maeronucleus. 

Bimensions. — ^Length 50-63/^ ; breadth 37 ft. 

Bemarks. — Dr. H. N. Ray, who has re-examined the form, 
informs me in a personal communication that Ghosh's de- 
scription of the species is wrong in certain respects. According 
to him the body is slightly pointed at either end, is circular in 
transverse section, both the lateral margins are symmetrical, 
and there is no concavity on the ventral surface. The macro- 
nudous is beaji-shaped and variable in position. Micro- 
nucleus is oval or spindle-shaped and usually lies in the notch 
-of the maeronucleus. He further adds that both axial and 
peripheral systems of fibres are present, and a boring apparatus 
is situated at the anterior exteemity of the axial system of 
fibres on the left side of the peristome. 

Habitat. — ^Rectum of Pila {AmpvMaria) globosa (Swainson) : 
Bengal, Calcutta. 



149. Balantidium duodeni Stein. (Pig. 128.) 

BaXanHdvum duodeni. Stein, 1867, pp. 325-6 ; pi. siv, figs. 19-23 : 
Kent, 1880-3, p. 578. 

JBalorOidiopsia dHuideni, Biitsohli, 1887-9, p. 1726, pi. Ixviii, flg. 3. 

Balamidmm dMOdemi, Bezzenberger, 1904, p. 157. 
^BaicmMdwm, hycMnutn,, Dobell, 1910, p. 75, fig. 19. 

BalanMdmmi duodeanJi, Lepsi, 1926 a, p. 70, figs. 311, 312 j Wenyon, 
1926, p. 1210 ; NdUer, 1926, p. 90. 
■fJBoZonfridi'um dmod&ni, Bhatia & Gulati, 1927, pp. 105-6, fig. 7. 

Bakmtn^wm duodeni, Heiohenow, 1929, p. 1191. 

Bakmtidiopeie duodmi. Kudo, 1931, p. 375, fig. 161, d. 

BaJlanMdivm, duodeni, Hegner, 1934, p. 49, fig. 42. 

Body ovate, flattened ; length from only shghtly more than 
the width up to one and a half times. Peristome narrow, 
cleft-like, and reaching to the middle of the body. Contractile 
vacuole single, posterior. Maeronucleus oval or kidney- 
shaped. Micronucleus close behind. Cysts spherical. 

Dimensions. — ^Length 74r-116/* (Stein and Kent, 86-130u.), 
breadth 53-68/i (Stein, 77-109 /i). 

Bemarks. — ^Dohell (1910) described a species, B. hyalinum, 
from the duodenum of JS. tigrina in Ceylon, and stated that his 
form did not differ markedly from other duodenal forms, 
viz., B. chwdeni Stein and B. rotwndwm Bezz. ; but the proto- 
plasm was stated to be more hyaline. In the anterior region 
there is a striated or granular triangular axea, which is also 
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characteristic of 5. dvadeni and B. rotwndum. As in these forms, 
the cilia are long and well developed over the whole body. The 
average dimensions are ca. lifi by 56 /x, which fall well within 
the dimensions as recorded by Stein or Kent for B.dtuodeni, ac 
as found by Bhatia and Gulati for their specimens of 5. dvxxiem. 
On carefully comparing Dobell's figure of B. hyalinum with 
those of B. duodeni in the works of Stein and other authors, 
the two are seen to be almost identical. The only difference 
appears to be that the macronucleus is placed more posteriorly 
in the body and the micronucleus shown near the anterior end 
of the macronucleus. I do not consider B. hyalinum as speci- 
fically distinct from B. dvadeni. 



Fig. 128. 



Fig. 127. 





Fig. 127. — BalanHdium depressvm (Ghosh). (After Ghosh.) 
Fig. 128. — BcdanHdium duodeni St. (After Bhatia & Gulati.) 



In the form met with at Lahore the body is flat and oval, 
anteriorly narrower, with the greatest width near the posterior 
end. The length of the body is one and a half times the width. 
The peristomial field is excavate, nearly straight or bent a 
little at its posterior end, and reaches the middle of the body. 
The peristome is not followed by a cytopharynx. The cyto- 
plasm is not clearly differentiated into cortical and medullary 
regions and has a dense granular appearance. The anterior 
region shows a striated triangular area. 

Habitat. — ^Duodenum and small intestine of Rana 
Daud. : Funjab, Lahore ; Cetlon. 
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ISO. Balantidium elongatum Stein. (Fig. 129.) 

ScdanHdium elongatum. Stein, 1867, pp. 319-20, pi. xiv, figs. II- 
13 ; Kent, 1880-2, p. 577 : Bezzenberger, 1904, p. 157 ; Lepsi, 
1926 o, p. 70, fig. 308 ; Noller, 1926, p. 90. 
■^Balantidium elongatum, Bhatia & Gulati, 1927, pp. 107-8, fig. 8. 

Protobalaniidium elongatum, Abd, 1928-9, p. 89. 

Salaniidium elongatum, Relchenow, 1929, p. 1191 ; Jirovec, 1930. 
p. 20, fig. 2 ; Hegner, 1934, p. 49, fig 38. 

Body elongate, cylindrical, from two to three times as 
long as broad, anterior end pointed or more or less rounded, 
posterior end drawn out. Peristome long, triangular, extending 
up to about one-fourth of the length of the body. Contraotile 
vacuoles two, median and posterior. Macronucleus oval or 
kidney-shaped. Micronucleus adjacent. 




Fig. 129. — Balantidium elongatum St. (After Bhatia & Gulati.) 



Dimensimis.— 208-297 [I by 69-130/li (Stein), 90-124/i by 
39-53 ju, (Bhatia and Gulati), 216/* by 63-5 jn (Jiroveo). 

Bemarks. — ^In the specimens examined at Lahore, the length 
of the body is two and a quarter to three times the width, 
and the greatest width is behind the middle of the body. 
The cjtoplasm is not clearly marked into cortical and medul- 
lary regions, and the medullary region has a dense granular 
appearance. Cilia aire of uniform length, fine and close-set, 
and arranged in longitudinal rows. The anus is situated near 
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the posterior end of the body. The posterior contractile 
vacuole lies a little in jfront of the anus, and at the moment 
of its contraction is seen to be connected by a canal with the 
anal opening. The maoronucleus is oval in outline, sometimes 
notched, and is situated near the posterior end or in the 
posterior half of the body. The micronuoleus lies close to the 
macronucleus. These specimens measured only 90-124/4 
by 39-53 fi. The size of the species thus appears to vary 
a good deal. 
Habitat. — ^Intestine of Butui tigrina Daud. ; Pubtjab, Lahore. 



151. Balantidlum glganteum Bezzenberger. (Fig. 130.) 

■\Balantidium giganteum, Bezzenbeiger, 1904, pp. 148, 150-1,. 
figs. 9, 10. 
Balantidium giganteum, N5Uer, 1926, p. 90 ; Bhatia &, Oulati, 
1927, p. Ill ; Hegaer, 1934, p. 59, fig. 52. 

Body regulariy egg-shaped, round in transverse section. 
Body surface covered with short cilia arranged in distinct 
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Fig. 130. — 'BatamAdman, giganteiuim Bezz. (After Bezzenberger.) 



rows. Peristome is a moderately large, broad and deep pocket 
and does not extend to the middle of the body ; the left 
Up carries membranelles which do not cover the whole width, 
cax. s 
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of the peristomial field. Contractile vacuoles four. Macro- 
nucleas is kidney-shaped or oval ; the micronuoelus lies in. the 
notch if the macronucleus is kidney-shaped, or near one end 
if the latter is oval. 

Dvmensicyns. — Length 205/i, \pidth IBZfi. 

Habitat. — Cloaca of Bona esculsnia, var. f^meinsia Osb. : Asia 
(exact locahty not cited by Bezzenberger). 



152. Balantidium graeile Bezzenberger. (Fig. 131.) 

fJBaZemtidium grac/iU, Bezzeaberger, 1904, pp. 162-3, pi. sd, 
figs. 2-3. 

'BalaianAvwm gracal&, Nfiller, 1926, p. 90. 
^BdUnoMJmm grcmle, Bbatia & Gkilati, 1927, pp. 108-9, fig. 9. 

ProtobdlantAdMim, gracHe, Al)6, 1928-9, p. 89. 
fBalanHdiwri grcmle, de Hello, 1932, p. 109, pi. xiii, figs. 7, 8. 

Balaraidmm graaiUa, Hegner, 1934, p. S9, fig. 50. 

Body cylindrical, tapering, and roimded at both ends ; 
six to twelve times as long as Tvide. Peristome excavate. 

Fig. 131. 



Fig. 132. 





Fig. 131. — BalcmiuMum graeile 
Fig. 132. — Balcmiidium helenee 



(After Bhatia & Qulati.) 
(After de Mello.) 



•extending up to about one-seventh of the length of the body. 
Conttacl^ vacuoles two. Macronucleus oval. Micaronucleus 
rounded. 

Dimensions. — ^Length 132-210/1, width 25-36/^ (Bezzen- 
berger gives 360/t by SOju) ; de Mello gives Tnim-TmnrT length 
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75/i, maximum length llS/jt,, most commonly 94-112/^ in 
length and 18-30/* in width. 

Semarks. — ^The body is round in transverse section, and the 
transverse diameter is practically the same throughout 
the whole length. In the somewhat contracted condition 
the body is seen to be curved in aai elegant maxmer. The 
peristome is short and bottle-shaped, and bears long amd 
abundant cilia along one of its borders. The cytoplasm is 
alveolar and clearly dejSned into cortical and medullary 
regions, the latter being loose and very clear rornid the nucleus, 
and also contains mitochondria. The two contractile vacuoles 
Ke in the anterior part of the body. The macronucleus is 
oval and granular, and lies mostly in the posterior half or 
in the middle, rarely in the anterior half. The micronucleus 
is rounded and placed in a depression of the posterior part of 
the macronucleus, or sometimes at some distance from the 
macronucleus. 

Habitat. — Rectum of JSana cyanaphlyctis Schn. and B. Tiexa- 
dactyla Lesson : Asia (exact locality not cited by Bezzen- 
berger) ; rectum ofB. hexadactyyla Lesson : PtnsrjAB, Lahore ; 
small intestine of R. tigrina Daud. : Nova Goa. 



153. Balantidlum belenae Bezzenberger. (Fig. 132.) 

■\Balaniidium helense, Bezzenberger, 1904, pp. 151-2, pi. xi, fig. 1. 
\Balantidium ovale, DobeU, 1910, p. 74. 

Balantidium helense, NoUer, 1026, p. 90. 

BcUaraidiuw. ovaU, NoUer, 1926, p. 90. 
i Balantidium helense, Bhatia & Gulati, 1927, p. 106 ; de Hello, 
1932, pp. 105-8, pi. xiu, figs. 1-3, 6, pp. 117, 119. 

BalarUidium heleme, Hegner, 1934, p. 49, fig. 37. 

Body ovoid, anterior pole narrow, posterior wider ; length 
of the body only a littie more than the width. Peristome 
«xcavated, not reaching up to the middle. Contractile 
vacuole single or variable number irregularly distributed 
in the body. Macronucleus kidney-shaped, with a rounded 
micronucleus lying in its notch. 

Dimensions. — Minimum 45 by 30/*, maximum 175 by 62/*, 
usually between 75-125/* in length. Macronucleus 31-37/4 
in length, 10-18/t in width, on an average 29-2/* by 14'6/t. 
Micronucleus 5/t by 2-5/*. Width between ciliaiy lines 
3-5/t. 

JRemarks. — Li the forms examined at Lahore the body is 
broadly oval with the posterior end projecting like a knob. 
The length of the body is only a little more than the width. 
The cytoplasm is clearly defined into cortical and medullary 
portions. The cortical portion appears to be straotureless, 
but the medullary portion is densely granular. CSlia arise 
from definite elongated granules l3ang within the pellicle. 

s2 
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Bezzenberger gives the dimensions as 110-130fi in length, 
and 60-70/i in Tridth. The specimens examined at Lahore 
measured ca. 76/i in length and 52jtt in width, and were thus 
considerably smaller. 

Dobell (1910) described from the same host in Ceylon 
a form wMch he named B. ovale. It differs from B. hdeTise 
Bezz. only in size. The average size of his forms was about 
SOjtA by 50(1. Bhatia and Gulati (1927) consider this form as 
belonging to the same species as .8. heleTise. De Mello (1932) 
encountered in the same host forms that were oval like 
B. ovale Dobell, and forms that were elongated like B. hdenas 
"Bezz. The former measured 36-90 /i in length and 28-66 jw 
in width, or on an average 55-70 /it by 45-50 ju; the latter 
measured 45-100 jli in length and 30-i85/i in width, or on 
an average 60/m, by 45/*. I^om a detailed study he found that 
the structure of the two forms is identical ; and the position 
of the nucleus, as also the occurrence of numerous transitional 
forms, leads him to accept the opinion expressed by Bhatia and 
Gulati that the two species are one and the same. 

Habitat. — ^Rectum of BaTia tigriTva, Daud. : Asia (exact 
locality not cited by Bezzenberger) ; rectum of B. Ugrina 
Daud. : Punjab, Labore ; CEyiON. Intestine of B. Ugrina, 
Daud., B. cyanophh/ctis Schn., and B. Immociha/iris Wiegm. : 
Nova Goa. 

154. Balantidium knowlesii Ghosh. (£^. 133.) 

■^BcdantiMum hnowleaH, Ghosh, 1925, p. 189, fig. 1. 
BdlMfaidium, h/wwUsU, Wenyon, 1926, p. 1211. 
Balantidium sp., Snowies, 1928, p. 533. 
ProtdbakmiiiclAum, hnowlesi^, Ab^, 1928-9, p. 89. 
Lejptoglema hnoviUaii, Grasse & Boissezon, 1929, p. 191. 
BcdanMdAwn hiMwU^, Hegner, 1934, p. 49, fig. 45. 

Body broadly ovate, wider posteriorly thaji anteriorly, 
slightly less than twice as long as wide. Anterior end narrow 



Kg. 133. — Bdlantidium knmolesii Ghosh. (After Ghosh.) 
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and tapering, posterior end rounded. Dorsal surface convex, 
more prominent posteriorly and with several faint longitudinal 
grooves. Ventral surface flattened. Peristome large, cup- 
Bke, ovate in shape and occupying the ventral surface, leaving 
a narrow space all round except on the right lateral margin. 
Adoral row of cilia not well developed. No distinct undulating 
membrane. Body completelj' ciliated, anterior body cilia 
long. Ectoplasm thin. Endoplasm coarsely granular. Con- 
tractile vacuole, single, posterior. Maeronucleus rounded or 
broadly oval, placed in the middle of the body. Micronucleus 
single, lodged in a depression of the maeronucleus. 

Dimensions. — ^Length 40 /x, greatest width 25(i. 

Remarks. — The species resembles B. rotundum in having 
'a large wide peristome, but differs from that species in (i) the 
peristome occupies nearly the entire ventral surface, (ii) the 
maeronucleus is spherical and central, and (iii) the contractile 
vacuole is posterior. 

Habitat. — ^In the ccelomio cavity of Ctdicoides peregrimos : 
Bengal, Calcutta. 



155. Balantidium ovatum Ghosh. (Fig. 134.) 

■\£alantidium ovatum, Ghosh, 1922 b, p. 371, fig. 1. 
BcUantidium ovatum, Wenyon, 1926, p. 1211 ; Bhatia & Gulati, 

1927, p. 111. 
Protobalantidiwm ovatwm, Abe. 1928-9, p. 89. 
Balantidium, ovatum, Hegner, 1934, p. 49, fig. 48. 

Body elongately oval, wider posteriorly than anteriorly, 
slightly less thsm twice as long as its greatest diameter and 
broadly oval in transverse section. Anterior end rounded, 
posterior end abruptly tapering to a point. Body cilia long, 
a row of longer and stouter ciUa at the anterior end. Peri- 
stome small, tubuliform, about one-fifth the length of the body, 
directed backwards and mesially. There is an undulating 
membrane running along the postero-lateral portion of the 
peristome, and a row of stouter cUia in its anterior portion, 
continuous with the long anterior body .cilia. Ectoplasm 
thin, except near the anterior and posterior ends of the body. 
Endoplasm densely filled with coarse granules. Contractile 
vacuole large, posterior, with an anal canal opening in front 
of the posterior end. Maeronucleus broadly oval, situated 
in the middle of the body. 

Dimensions. — Length 85 /i. 

Bemarks. — ^This species is said to differ from aU other known 
species of the genus in possessing an anal canal in connection 
with the contractile vacuole. It is distinguished from 
B. liaMarum by its shape, the position of the undulating 
membrane, and in the thinness of the ectoplasm ; but as the 
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description is based on a single specimen, Wenyon thinks 
it doubtfiil whether these two species, B. blattarum and 
B. ovcUum, are specifically distinct. 




Fig. 134. — BalaiMdium ovatum Ghosh. (After Ghosh.) 

Babitat. — ^Intestine of P&rvplaneta americana : Bekgal, 
Calcutta. 



156. Balantidium ranarum Ghosh. 

■^Bidantidium ranarum, Ghosh, 1921 a, p. 14. 
BdUmUdmrn ranarum, Bhatia & Gxilati, 1927, p. 112. 

Body elongately to broadly oval, tapering to a blunt point 
anteriorly and obliquely truncate or rounded at the posterior 
end. Body more or less rounded in transverse section, 
sometimes with a slight depression posteriorly on one side. 
Peristome extending from the anterior end to beyond the middle 
of the body, and provided with a distinct adoral row of long 
and stout cilia. Body cilia long and xmiformly arranged in 
meridional rows. Contractile vacuoles two and postero- 
lateral, one on each side. Maoronucleus oval and variable 
in position, mostly in the middle and on one side, sometimes 
more anterior or posterior. Micronucleus adjacent. 

DimeTisions. — ^Length 65jLt, breadth 40 ju,. 

Habitai. — ^Rectum of Rana tigrina Daud. : Bengal, Calcutta. 



157. Baiaatidium rhesum Ghosh. (Fig. 135.) 

fBalantidmm sp., Knowles, 1928, p. 533. 
JBaUmtidium rheawn, Ghosh, 1929 a, p. 14, fig. 1. 

Body ovate, nearly or less than twice as long as broad, 
anteriorly tapering and blunt, posteriorly broad and rounded. 
Body oval in transverse section. Peristome triangular, placed 
in front and somewhat laterally, and extending to one-fourth 
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the length of the body. Contractile vacuole single, postero- 
terminal. Macronucleus circular and disc-like with convex 
side, placed about the middle to one side, and containing a 
chromatin mass in the centre. 

Dimensions. — ^Length 10-XI/i, breadth 5^1. 

Eemarks. — ^The measurements as given by Ghosh are : length 
0-01 -0-117 mm. ; breadth 0-0054 -0-00625 mm. Hegner 
(1934) is of the opinion that his measurements are obviously 




Fig. 135. — Bakmtidium rheeum Ghosh. (After Ghosh.) 

incorrect, and his description and illustration (as reproduced 
above) are so inadequate that this species (?) cannot be 
considered seriously. He is further of the opinion that 
B. simile Cunha & Muniz, 1930, from Rhesus monkeys 
imported into Brazil, is a valid species, and is characterized 
by a thickened cortical layer at the anterior end : but as this 
character is not shown by Ghosh, this form cannot be identified 
with B. simile without further investigation. 

Baiitat. — ^Tntestine of Macacus rhesvs : Bbkqai,, Calcutta. 



158. Balantidium rotundom Bezzenberger. (Fig. 136.) 

^Balantidium rotundum, Bezzenbeiger, 1904, pp. 153-4, pi. xir 

fig- 4. 
Baltmtidium rotundum, NoU^t, 1926, p. 90; Bhatia & Gulatv 
1927, p. 112 ; Hegner, 1934, p. 39, fig. 53. 

Body round or compactly egg-shaped, strongly compressed 
dorso-ventrally, with a marked bulging on the ventral surface 
in contrast to the plane dorsal surface. Cilia extraordinarily 
long and fine. Peristome sUt-like, beginning near the anterior 
pole of the body and extending backwards along the right 
margin, but stopping short in front of the middle of the body ; 
the left peristomial margin carries long and thick adoral cilia. 
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Contractile vacuole single, lying in the right lower quadrant 
of the body. Macronucleus is oval or slightly kidney-shaped, 
never spherical, and lies close to the margin in the left lower 
quadrant of the body. Micronucleus is distinct and lies in the 
notch if the macronucleus is kidney-shaped, and in the middle 
or near one end if the latter is oval. 







§ 








Fig. 136. — BalanMdimn rotundum Bezz. (After Bezzenberger.) 

Dimensiona. — ^Length 66/i, width 44/i. 
Habitat. — Small intestine of Eana escidenta Linn. var. 
ehinensiaOab. : Asia (exact localitynot cited by Bezzenberger). 



159. Balantldium soshilii Ray. (Fig. 137.) 

fBalan^dmm sushUH, Bay, 1932, pp. 374-82, figs. 1-5 & I pi. ; 
Chakravarti, 1933, pp. 345-6, figs. 1-3. 
BcUaniidium aushilii, Hegner, 1934, pp. 58-60, filg. 49. 

Body torpedo-shaped, circular in transverse section. 
Peristome begins as a narrow groove, gradually widening 
as it passes backwards, not reachmg the middle of the body. 
Left peristomial wall carries long cilia, the left peristomial 
lip bears an undulating membrane. Morphonemes arranged 
in two conspicuous arches at the anterior end. A boring 
apparatus present. Contractile vacuoles three, two lateral 
and one terminal. Macronucleus broadly oval, tind very 
variable in position. Micronucleus lateral to the macronucleus. 

DimeTisiom. — ^Length 150-319'44:/i, width 35-66 /li. 

Semarks. — ^Ray has described a system of axial and peri- 
pheral fibres in ihe peristomial area. Placed slightly towards 
the left of the peristome and embedded in the cytoplasm aie 
three or four fibres which are either parallel or twisted after 
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the maimer of a rope. They originate from just below the 
pellicle at the anterior end and extend posteriorly to a short 
distance behind the mouth. A clear knob-like structure 
or " borer " is attached at the anterior termination of these 
fibres by means of a short neck. The axial fibres together 
with the borer constitute the boring apparatus. The borer 
has been found embedded in the iutestinal epithelium of the 
host and serves to puncture the gut-wall. The peripheral 
system of fibres, arranged in two conspicuous arches along the 




Kg. 137. — Balantidiimt, stishUU Ray. aas.f., axial system of fibres ; 
B, borer ; P.P.b., fibres attached to post-peiistonual 
border; Lm., limiting membrane ; I.V., lateral vacuoles; 
M, maoronudeus ; m, mioronuoleus ; PrJ'., peripheral 
system of fibres ; t.v., terminal vacuole ; V.d., V-ahaped 
depression. (After Kay.) 

left anterior border, is considered as serving the purpose of 
maintaining the rigidity of the peristomial area, and are 
therefore termed " morphonemes." 

Habitat. — ^Intestiae of Sana tigrina Daud. : Bengal, 
Cialcutta. 
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160. Balantttdium testudlnis Chagas. (Fig. 138.) 

BaltmlAMum1>&stm;oiimis, Cbagas, 1911, pp. 142-3, pi. x, figs. 13-18. 
■\BalUxMadmM!n, teaiiidinis, Alexeie£E, 1912, p. 98. 
BaUmtidiwm testudinia, Wenyon, 1926, p. 1211 ; Noller, 1926, 
p. 90. 

Body large, oval in form. Cjrtostome situated at the 
anterior end, leading into a wide, more or less cylindrical and 
obUquely directed cleft. GiUa arranged regularly over the 
surface of the body, with longer cilia ia the neighbourhood. 
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]Fig. 138. — BakmHdmm, festudinis Chagas. (After Chagas.) 

of the ojrtostome. Endoplasm alveolar, with maay inclusions, 
Maoronuoleus oval, granular, central, with a number of 
karyosomes. Micronuoleus Ijdng in a depression on the 
maeronucleus. Dimensions not recorded. 

Habifat. — ^In the large intestine of Qeoemyda triQuga : Cdyxobt. 
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II. Suborder OLIGOTRICHA Biitsohli. 

Body cilia greatly reduced, only a few cilia or stiff bristles 
being present, or completely absent. Adoral zone forms a 
nearly complete or quite complete ring around the margin of 
the peristome, which is usually at right angles to the long aads 
of the body. The aboral part of the zone serves chiefly for 
locomotion, while the weakly developed oral part is employed 
for food capture and for carrying it to the oral funnel. The 
oral funnel lies within or outside the adoral ring. Freshwater 
or marine. 

Identification Table of Families. 

1 (4). Without lorioa 2. 

2 (3). Oral funnel situated on. the ventral ILaehm., p. 267. 

surface outside the adoral ring Halteiiidse Clap. & 

3 (2). Oral funnel situated within the complete [now. 

adoral ring Strobilidiida * Beiche- 

4 (1). "With a gelatinous or pseudochitinous 

lorica, to the bottom of which the oon- 

traetile posterior end is attached by an 

elongated stalk ; oral funnel within the [Laclun.. p. 269. 

complete adoral ring Tintinnidse Clap. & 



1- Family HALTERIID^E Claparfede & Lachman, 
1859, emend. Kahl. 

Without a lorica. Body covered with a few scattered bristles 
or none at all. The oral funnel lies on the ventral surface 
outside the adoral ring. Freshwater or marine. 



Genus HALTEBIA Duiardin,1841. 

Trichoda, part, Muller, 1773, p. 71 ; 1786, p. 160. 

Trichodma, part, Ehrenberg, 1838, p. 265. 

BcUteria, Dujardin, 1841, p. 414 ; ClaparSde & Laohmann, 1858-61, 
p. 368 ; Stein, 1867, p. 163 ; Fromentel, 1874, p. 168 ; Kent, 
1880-2, p. 631 ; ButschU, 1887-9, p. 1732 ; Boux, 1901, p. 92 ; 
Hickaon, 1903, p. 409 ; Minchin, 1912, p. 439 ; Lepsi, 1926 o, 
p. 75 ; Calkins, 1926, p. 409 ; Sandon, 1927, p. 191 ; Sohoenichen, 
1927, p. 225 ; Reichenow, 1929, p. 1195 ; Kahl. 1930-5, p. 504. 

Animalcules firee-swimming, very small, more or less globose 
and constant in form. Oral aperture terminal, eccentric, 
associated with a wreath of large cirrose oiha. A zone of 
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long stiff springing bristles developed around the equatorial 
region of the body. Locomotion restless, extremely violent, 
shooting or springing forwards, -with momentajy pauses during 
which the animal remains stationary. 



161. Halteria grandinella (O. F. MiiUer). (Fig. 139.) 

TriOioda grancUneUa, O. F. MiiUer, 1773, p. 77 ; 1786, p. 160, 

pi. arxiii, figs. 1—3. 
Tnchodina grandmdla, Bhrenberg, 1838, p. 267, pi. ssiv, fig. 5. 
Halteria grandinella, Dujardia, 1841, p. 415, pi. xvi, fig. 1. 
Trichodina granddneUa, Clapar&de & Lachmann, 1858-61, p. 369, 

pi. xiii, figs. 8, 9. 
Halteria grandinella. Stein, 1867, p. 162 ; rromentel, 1874, p. 262, 

pi. xxiv, figs. 1, 1 o ,- Kent, 1880-2, p. 632, pi. xxxii, fiigs. 3S-8 ; 

ButsoWi, 1887-9, p. 1732, pi. Isix, fig. 6 ,- Roux, 1901, p. 93, 

pi. V. fig. 15. 
■fHalteria grandineUa, Bhatia, 1920, p. 262. 
HaUeria yrandinella, Penard, 1922, pp. 224-6 ; FaurS-Freniiet, 

1923, pp. 61-2, fig. 20 ; Hegner <fc Taliaferro, 1924, pp. 387-8, 

fig. 146. 
fHalteria grandin^a, Gulati, 1925, p. 9, fig. 21. 
Halteria grandinella, Iiepsi, 1926 a, p. 76, figs. 361, 362 ; Sandon, 

1927, p. 191, pi. vi, fig. 9 ; Sohoenioben, 1927, p. 225, pi. xiii, 

fig. 2 ; Reielieaow, 1929, p. 1195; Kahl, 1930-6, p. 604, fig. 82, 1. 

Body subglobose, transparent, terminating posteriorly in 
somewhat narrower obtusely rounded point. Springing 




Fig. 139. — HaUeria grandineUa (O. F. HiiU.) B, cytostome ; Ma, 
maoronueleiis ; Mi, xoicronucleus ; V.O, oontraotile 
vacuole. (After Bouz.) 

bristles very long and fine, forming a central girdle, but not 
situated in an equatorial groove or furrow. Maoronucleus 
oval to kidney-shaped. Contractile vacuole in the anterior 
half of the body. Common in stagnant water of ponds. 
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Dimensions. — ^Length up to 40/i. 

Bemar&s. — ^The specimens examiaed at Lahore were rounded 
and measured only 25/i in length. The organism possessed 
comparatively few central bristles, and only a few (6 or 7) 
of the larger cilia at the anterior end. 

This species was originally included in the genus Trichoda 
O. F. MiiU., but Dujardin (1841), recognizing the diflferenoes 
as regards the position of tihe mouth and the arrangement of 
the adoral ciliary wreath, made Trichoda grandineUa 0. F. Miill. 
the type of the new genus Halteria. 

Habitat. — Pond water : Punjab, Lahore. 

162. Halteriasp. 

fSalteria sp., Chaudhuri, 1929, p. 54, pi. iii, flg. 9. 

Habitat. — Soils from N.W. Peontiee Pkovikoe, Peshawar, 
and Central Ikbia, Indore. 



2. Family TINTIKNIDiE Claparede & Lachmann, 

1858. 

With a gelatinous or pseudochitinous loriea, to the bottom 
of which the contractile posterior end of the body is attached 
by an elongated stalk The oral funnel lies within the adoral 
zone, which forms a complete ring. The family is rich in 
marine plankton forms, and includes only a few freshwater 
forms. 

Kofoid and Campbell (1929) raise the family to the status 
of a suborder, and divide it into a number of families. 
Their work should be referred to for a monographic treatment 
of the group. 

Genus TINTINNOPSIS Stein, 1867. 

Tinfinrms, part, Ehrenberg, 1840 ; Clapai^de & Laobmann, 1838- 

61, p. 195. 
Tintinrwpais, Stein, 1867, pp. 154, 168. 
CodoneUa, Hfiokel, 1873 b, v, vii, p. 565. 
TirOmno^psis, Kent, 1880-2, p. 617 ; Batsohli, 1887-9, p. 1735 

Hakson, 1903, p. 409 ; Calkins, 1926, p. 409 j Lepsi, 1926 a, 

p. 75 ; Kahl, 1930-5, p. 516. 

Body campanulate or pyriform, attached posteriorly by 
a slender retractile pedicle Tvithin a membranous cylindrical 
loriea without a neck-like portion ; lorioa wall single, simple, 
with numerous adherent sand-grains or other foreign particles. 
Peristomial cilia forming two complete and independent 



270 



OIIiOPHORA. 



ciliary circlets, those of tlie outer series flexible and tentaouli- 
fonn, those of the inner short and cirrose. (Jeneral surface 
of the body traversed longitudinally from one end to the other 
by rows of short cilia, between which intervene bare interspaces 
of considerable extent. 
Marine or freshwater. 



163. Tintinnopsis laeustris (Entz sen.). (Fig. 140.) 

OodonxUa laaust/ns, Bntz sen., 1886, pp. 196—200, pi. ziii, 
figs. 10-16. 
^OodoneMa Icumstria, Daday, 1898, p. 8. 
Tintinnopsia laeustris forma Isevis, Entz jun., 1909 b, p. 207, pl- iv, 

flg. 2 ; Faur^-Fremiet, 1923, pp. 87-90, fig. 28. 
OodoneUa laeustris, Lepsi, 1926 a, p. 79, fig. 385. 
CodoneUa cratera, KaU, 1930-5, p. 617, fig. 82, 25, 42, 43. 

Body cyliadroid, nearly truncated anteriorly by the edge 
of the peristomial Hp, acuminated posteriorly, and with a 
short pedicle. Lorica cylindrical, with a round base, rigid, 
and encrusted with foreign particles or clearly arenaceous. 
In freshwater plankton. 




Pig. 140. — TvntMmopstt laeustris (Eatz sen.). P, peristomial lip showing 
the bristles on its external border ; O, body ca» (A&^ 
Fara6-Fremiet.) -v . i u« 
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Dimensions. — ^Length of the animal about 80/* ; length of 
the lorica about 65/i, width 40/i. 

Bemariks. — Tintinriopsis lacustris is a widely distributed 
species which has often been described (as, for instaaice, by 
Daday and Lepsi) under the name Codonella laoustris. Iil 
both Codonella and Tiviinnopsis the test is rigid and chitinous, 
and is open at the anterior end only. In Godon^la the test 
shows a definite neck-like portion, and the anterior decorations 
and openings are absent or feeble. The species, as described 
by Entz sen. (1885) and observed by Daday (1898), should be 
referred to the genus Tintinnopsis. Entz jun. has shown 
that there are two distinct forms of the species, the one 
described by Entz sen., as defined above and which he named 
forma laevis, and another in which the lorica is abruptly 
narrowed ia the form of a cone, and presents a clearly retioiJate 
structure, forma reticulata. Faur6-Fremiet (1923) has given 
a full description of the former, and the figure given is taken 
from, his work. 

HcAUat. — Cbyion, swamp of Madatugama and neighbour- 
hood of ICalawewa Lake. 



164. Tinflnnopsis ovalls Daday. (Fig. 141.) 

^Tintmnopsia ovaUs, Daday, 1898, p. 8. 
Tintinnopsis oviOis, Kahl, 1930-5, p. 517, fig. 82, 46. 

Lorica unifoi^y oval, widening fi:om the oral end, and 
broadly rounded posteriorly. 
Length 38-45 /it. 




Fig. 141.- 



-Tiniinnopsia ovalia Daday. 
(After Daday.) 



Lorica only ebown. 



BeTnurks. — Entz jun. regards this form as a modification 
of Tvniinnopsis (GodoneUa) lacustris. 
Habitat.— Swamp of Madatugama : Cbyloit. 
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Incbet^ sbdis. 
Genus OCTOCIRRUS Madhava Eao, 1928. 
Characters of the genus not given. 



165. Octocirrus sphseratus Madhava Rao. (Fig. 142.) 

^Octodmta sphterabus, Madhava Rao, 1928, p. 116, pi. ii, figs. 3-5. 

Body somewhat ovoid, broadly rounded anteriorly and 
narrower posteriorly. At the anterior end and helping in 
locomotion there are eight cirri as long as the body, (^rto- 
plasm diflferentiated into ectoplasm and endoplasm. Con- 
tractile vacuole single, median. Macronucleus and micro- 
nucleus not observed. Encysts imder unfavourable conditions, 
and immediately after encystment it exhibits short cilia all 
round the body [sic). 
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Fig. 142. — Octoovrrus aphmratus Madhava Rao. o, 
'wil^ cilia all roiind ; c, adult stage. 
Rao.) 



cyst ; b, 
(After Madhava 



Dimensions. — ^Length of the body 30 fi. 

Bemarks. — This form is not adequately characterized, for 
such important characters as the peristome, macronucleus 
and micronuoleus are not described. The encysted condition 
is described as ciliated, which is very unusual. It may have 
been an imperfectly observed SlrovMdAvm. 

ffoStof.— -Soil : MysoEE. 
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III. Suborder ENTODINIOMORPHA 
Reichenow. 

Body generally oval, often somewhat dorso-venfcrally 
flattened. Body cilia generally absent. The adoral zone 
consists of cirri, forms a complete circle round the peristome, 
and is continued further backwards for a short extent. In 
certain genera one or more additional zones of cirri present 
on different parts of the body, quite apart from the peristome. 
Contractile vacuoles one or more. Macronucleus usually 
band-shaped, elongated in the direction of the long axis 
of the body, lying between the oral funnel and the dorsal 
wall of the body. Micronucleus single, lying close to or in 
a depression of the macronucleus. The posterior end of the 
body often drawn into spines and processes of various forms 
and arrangement. Endopareisites, almost exclusively of the 
Ungulate mammals. They occur in the rumen or the reti- 
culum of the stomach of the ruminants, in the cseoum of the 
horse, or the intestine of the chimpanzee and gorilla, and 
certain small rodents of South America. 

The rumen (paunch) and the reticulum (honeycomb) of the 
ruminant stomach are oesophageal derivatives, and as such 
contain no glands to secrete either acid or ferments. The 
contents consist of water and large quantities of saliva mixed 
with the partially triturated food of the animal, which con- 
sists of succulent or dried plants and grain. The fluid serves 
as an ideal medium for the growth of CSIiates, ilagellates, 
amoebae, and Bacteria, and there is a Protozoan fauna more or 
less specific to the ruminants. 

By some these organisms are regarded not as parasites, 
but as symbionts that assist in digestion and are themselves 
digested lower down the alimentary canal. The few that 
escape being digested pass out with the faeces and encyst 
on the grass. The cysts are swallowed with the grass and 
infect other hosts. 

IdeTitification Table of Families. 

1 (2). Adoral zoae of membranelles always 

present, and in addition a dorsal zone 
of membraneUes wbioli are directed for- 
wards, or a number of accessory mem- [St., p. 274. 
braneUe zones may be present Ophryoscoledds 

2 (I). Besides the ador^ zone at least two 

broad rows of cirri present, which spring 
from the anterior wall of the furrow and 

have their points directed backward. . . Cyoloposthlda^ Poche. 
OIL. T 
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TamUy OPHRYOSCOLECID^ Stein, 1867. 

Parasitic forms of curious shapes with a thick periplast 
and a retractile peristome. CiHa generally absent. The 
adoral zone of membraneUes is a complete circle, and in some 
genera there is an additional ring of cirri, also directed forwards, 
situated at the bottom of a farrow. These cirri are also 
capable of being drawn backwards, in which condition the 
margias of the groove close over them. Posterior end of the 
body often drawn out into spines or other processes of peculiar 
form and arrangement. The family is almost entirely con- 
fined to the stomach of ruminants. 

The original genera included Iq the family Ophryosco- 
lecidse — BntoSmmm, DypUtdinium, and Ophryoscdkx — ^have 
continually been split up and recombined as our knowledge 
of their morphology has increased. The genus Dyplodinium 
was established by Schuberg (1888) to include species of 
Ophryosoolecidse having a short dorsal membraneUe zone 
in addition to the adoral membraneUe zone. Crawley (1923) 
set up the genus Epidiniwm, including in it species with the 
dorsal zone located considerably behind the level of the adoral 
zone, thus separating Sharp's Diplodinium ecavdcUnim from 
Diphdinium s. str. The main skeletal complex of Epidinium 
is similar to that of Ophryosookx, beiag composed of three 
plates in each. Two species of BpiMnmim., in which tihe main 
skeletal complex consists of five plates, have been separated 
into a new genus Epiplastron by Kofoid and MacLennan (1933). 
Awerinzew and Mutefowa (1914) described the genus Jfcto- 
dinium, which Buisson (1923) and Dogiel (1927) considered 
unjustified, but Kofoid and MacLeiman (1932) have re- 
established it. Diphdimum was further revised by Dogiel 
(1927) and divided into four subgenera — ATioplodinium, 
Evdvplodiniwn, Poh/plastron, and Ostracodinium — ^without 
retaining the name Dtplodinium for one of the subgenera, as 
required by the International Rules of Zoological Nomen- 
clature. Since the type-speoies D. dentaium falls within 
the subgenus Anaphdinium, Kofoid and MacLennan consider 
the name Anoplodinium as a synonym of Di^hdimuTn, the 
true name of the tj^pical subgenus. 

Kofoid and MacLennan consider that the four subgenera 
■established by Dogiel show important differences in nuclear 
structure and skeletal parts which distinctly separate them ; 
they therefore raise these subgenera to ftiU generic rank. 
As they foimd two distinct groups of species included in 
Diphdinium s. str., Diplodinium is further restiioted, and a 
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new genus, Eodinium, described. Evdiplodinium has been 
restricted, and a new genus, Eremoplastron, established. Lastly, 
Dogiel's original description of Polyplastron has been retained, 
and the species described by him later (1928) has been put in 
a genus Elytrofplastron. 

In the two genera Polydinium and ElephantopMlus recently 
described by Kofoid (1935) there are numerous accessorymem- 
braneUe zones extending spirally over the elongated body. 
The family Ophryoscoleeidae may be divided into two 
subfamilies as follows : — 

1 (2), With an adoral membranelle zone, and 

with or without a dorsal zone. One to 
five skeletal plates. Contractile vacu- 
oles usually one to twelve in number, 

located on the dorsal side adjacent to [Kofoid, p. 275. 

the macronueleus OPHBYOSCOLECiNja! 

2 (1). With an adoral membranelle zone, but 

without a dorsal zone. With numerous 
accessory membranelle zones in a de- 
scending right spiral over the elongated 
body. One to three skeletal plates. 
Contractile vacuoles nxunerous, in irre- 
gular rows posterior to the accessory [Kofoid, p. 356. 
membranelle zones VouraisusiSM 



1. Subfamily OPHRYOSCOLECIN^ Kofoid, 1935. 

Ophryoscoleeidae with an adoral membranelle zone and 
with or without a dorsal zone. One to five skeletal plates 
present. Contractile vacuoles usually one to twelve in nximber, 
located on the dorsal side adjacent to the macronueleus. 

Key to Indian Genera. 

] (3). With only one adoral membranelle 

zone, no dorsal nxembranelle zone .... 2, 

^. No skeletal plates ; only one contractile 
vacuole ; macronueleus simple, band- 
shaped, rarely oval ; with or without [p. 277. 
I>osterior spines ENTODESxnai St., 

3 (1). With a short dorsal membranelle zone 

in addition to the adoral zone 4. 

4 (20). With dorsal membranelle zone on the 

same level as the adoral zone 5. 

5 (8). No skeletal plate : . . 6. 

6 (7). Macronueleus straight, rod-like, be- 

neath the dorsal surface of the body ; [MacL., p. 309. 

two contractile vacuoles EoDnnuM Eof . & 

7 (6). Macronueleus with its anterior third 

bent ventrally at an angle of 30°-90°, 

beneath the right surface of the body ; [p. 3 12 . 

two contractile vacuoles DBPiiODnnxTM Schub., 

t2 
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8 (5). With one or more skeletal plates .... 9. 

9 (15). With a single skeletal plate beneath the 

right siirfaoe 10. 

10 (13), Skeletal plate narrow 11. 

11 (12). Maoronuoleus triangular or rod-like, 

with its anterior end often bent [& MacL., p. 324. 

ventrally ; two contractile vacuoles . Sbemoplasxiiov Kof. 

12 (11). Maoronuoleus rod-like, with its an- 

terior end enlarged to form, a hook 

with its concavity towards the dorsal 

aspect ; outiole and ectoplasm thick ; [p. 330. 

two contractile vacuoles EuDrpLODnsntUM Dog., 

13 (10). Skeletal plate broad 14. 

14. Two to six contractile vacuoles in a 

row beneath dorsal surface ; oeso- 
phageal fibres heavy and extending [p. 33S. 
to posterior end of the body OSTaAOODiNitrMDog.,. 

15 (9). With two or more skeletal plates .... 16. 

16 (19). With two skeletal plates beneath the 

right surface 17. 

17 (18). Maoronuoleus large, with two or three 

prominent dorsal lobes ; contractile 

vacuoles two, lying close to the 

macronucleus ; cuticle and ectoplasm [Mutaf., p. 332. 

heavy MsTABiNicrM Awer. & 

18 (17). Maoronuoleus narrow, rod-Uke ; con- 

tractile vacuoles two, separated from 

the maoronucleus ; cuticle and ecto- [& MacL., p. 329.. 

plasm thin Diploplastboit Kof. 

19 (16). With two skeletal plates beneath right 

surface, a small plate beneath ventral 
surface, and a long plate beneath 
the left surface ; cuticle and ecto- 
plasm heavy ; conspicuous oesopha- [Kof. & MacL., p. 334. 
geal fibrils Et'ETBOPLASTBoir 

20 (4). With dorsal membranelle zone located 

farther back on the body. 

21 (22). Dorsal membranelle zone behind the 

anterior end of the body ; main 

skeletal complex composed of three 

plates not extending into the main 

caudal spine ; two contractile va.ou- [p. 343. 

oles BprDrOTUM Crawley, 

22 (21). Dorsal meitibranelle zone forming a 

girdle extending three-fourths the 

distance around the middle of the 

body ; skeletal complex of three 

|>lates extending the length of the 

r^ht ventral side, even into the main 

caudal spine ; 9-15 vacuoles ranged 

round the body in two transverse [p. 352.. 

rows Ophbyosoomix St., 
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Genus ENTODINIUM Stein, 1858. 

Entodinium, Stein, 1858, p. 69 ; 1859 a, p. 58 ; 1867, pp. 164, 168 j 
Kent, 1880-2, p. 653; Sohuberg, 1888, pp. 366-7; Butschli, 
1887-9, p. 1738 ; Dogiel. 1925 d!, pp. 43-65 ; 1927, pp. 35-71 ; 
1928 6, pp. 328-9 ; Calkins. 1926. p. 409 ; 1933. p. 513 ; 
Wenyon, 1926, p. 1211 ; Reiohenow, 1929, p. 1199 ; Kofoid & 
IVIacLennan, 1930, pp. 471-544, pis. xlix-lii & 17 toxt-figs ; 
Kofoid & Christenson, 1934, pp. 347-52; Das-Gupta, 193S, 
pp. 160-5. 

Body ovoid, anterior end \t-itli a spiral row of cirri (adoral 



mouth 

neuromot.—. 



— or. disk 
r-mot.str. 



out.ad.lip. 



excpore 
contvac. 



■menib. 

in.ad.lip. 
■out. ad. fur. 




bound. 
Lay. 



rect.myan. 
~/-rect. 



anus 



Pig. 143. — Mwtodinium biconcavian Kof. & MacL. Semidiagiammatio 
lateral view showing location and structure of the principal 
oi^oneUes. The surface striations are omitted for the 
sake of cleamess. x 2000. anus, onus ; bie.area, 
biconcave area ; boundJay., boundcu^ layer ; cont.vac., 
contractile vacuole ; ecf., ectoplasm ; end., endoplasm ; 
exe.pore, excretory pore ; inxid.lip, inner adoral lip ; 
nwcr., macronucleus ; merrA., merabranelle ; memb.root, 
membraneUe rootlet ; -micr., micronucleus ; inoiah, cyto- 
stome; moi.a2r., motor strand; neuromot., neuxomotorium ; 
oes., oesophagus ; or.di9k, oral disk ; ovi.aA.fwr., outer 
adoral furrow ; outJtd.li'p, outer adoral Up ; recil.7n,y(m., 
rectal myoneme ; net., rectum ; «.2o&e, ventral lobe. 
(After Kofoid & MacLennan.) 
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membranelle zone) leading to a cytostome and oesophagus. 
No dorsal membranelle zone. No skeletal plates. Only on& 
contractile vacuole. Macronucleus simple band-shaped, 
rarely oval ; mioronucleus ventral and situated somewhat 
to the left of the macronucleus. With or without posterior 
spines. Small to medium-sized (20-120 /t long). 

The principal features of structure can be clearly seen from 
the accompanying figure, and a careful study of this figure 
will be useful in following the descriptions of various species. 

Remcvrks. — Jamieson (1925) recorded E. bursa Stein and 
E. dvhardi Buisson, and described E. ovale fi-om the stomach 
of the mouse-deer from Ceylon ; Kofoid and MacLennan 
(1930) have described twenty species from the stomach of 
Bos mdicus from India and Ceylon. Kofoid and MacLennan 
have been able to arrange more than half of these species in 
groups, each consisting of two or more species, which show a 
marked similarity iu a number of different structures, particu- 
larly in the shape and position of the macronucleus and con- 
tractUe vacuole, the shape of the endoplasmic sack, and the 
structure of the rectum, and which differ from one another 
in only one or two featiu:es, usually spines, size, shape, or 
proportions. These groups are adopted in the following pages. 

Key to Indian Species. 

1 (28). Without caudal processes 2. 

2. Very small to medium sized, body- 

laterally compressed, not curved . . 3. 

3 (5). Macronucleus bent anteriorly in. a 

hook-like manner 4. [p. 303. 

4. Very small, oval, 20-40 /i 'E. ovale Jameson, 

5 (3). Macronucleus not bent 6. 

6 (8). Macronucleus not extending beyond 

the anterior half of the body 7. 

7. Medium sized, oval, Sl-80;.t macro- 
nucleus short and massive, scarcely \Usu6 Dog., p. 294. 
reaching the middle JE, anieronudeaPupi 

8 (6). Macronucleus extending beyond the 

anterior half of the body 9. 

9 (22). Very small or small 10. 

10 (13). Very smaU 11. 

11 (12). Ovoid, 22-32 ft; macronucleus narrow [p. 302. 

and long, over i body-length E. naneUtmi Dog., 

12 (11). Elongated oval, tapering posteriorly, 

26--35 /J. ; macronucleus ovoidal or 

spherical, situated about the middle [Gupta, p. 297. 

of the body E. okattm'eei Das- 

. 13 (10). Small, over 30 /t 14. 

14 (21). Body ovoid 15. 

15 (16). SmaJl, markedly elongated (ratio of 

length to breadth 2-35) ; endoplasmic [p. 291. 

sack -with a characteristic concavity . E. eHongatumt Dog., 

16 (15). Small, not markedly elongated (ratio 

of length to breadth 1-5-1-7), endo- 
plasmic sack without a concavity . . 17. 
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17 (18). Body broad (ratio of length to breadth 

1-5-1-6) ; dorsal and ventral sides [p. 284. 

convex E. dvbardi Dog., 

18 (17). Body less broad (ratio of length to 

breadth 1-7-1-7S) 19. 

19 (20). Dorsal and ventral sides nearly 

parallel E.simplexDog.,-p. 308. 

20 (19). Dorsal and ventral sides convex E. ovmdewn £of. & 

21 (14). Small, pyriform, 39-46 /t; macro- [MaoL., p. 305. 

nucleus curved, club-shaped, long. 

§ body -length E. coraractum Kof. & 

23 (9). Medium sized or large 23. [Chr., p. 298. 

23. Medium sized, ellipsoid, above 50 ^ . . 24. 

24 (25). Macronucleus long, beginning close to 

the anterior end of the body and [p. 304. 

extending § body-length E. ovinum Dog., 

23 (24). Macronucleus long, over £- body- 
length 26. 

26 (27). Mouth smaller, sides of the body more [MacL., p. 284. 

strongly convex E. eUipsoideum Kof.& 

27 (26). Mouth larger, sides of the body less 

convex E. bursa St., p. 282. 

28 (1). With caudal lobes or spines .29. 

29 (46). With only one caudal process 30. 

30 (38). Caudal process in the form of a 

prominent ventral lobe 31. 

31 (36). Posterior dorsal region not -with bicon- 

cave areas 32. 

32 (35). Small 33. 

33 (34). Ellipsoid, 39-51 /x, macronucleus long, [Dog., p. 286. 

from J to J body -length E. longimicleatum 

34 (33). Khomboid, 3&--47^, macronucleus 

thin, wedge-shaped, from ^ to f body- [& MacL., p. 306. 

length E. rhomboideum Kof. 

35 (32). Medium sized, 52-82 fi ; pre-anal lobe 

obliquely truncated ; macronucleus [p. 29a. 

not extending beyond the middle of [monolobum Dog., 

the body E. anteromtcleatum 

36 (31). Posterior dorsal region with bilateral 

biconcave areas 37. 

37. Small, oval, 28-41 n ; macronucleus 

short stumpy to long band-like, set [& MacL., p. 290. 

at an angle to the dorsal mid-line . . E. biconcavum, Kof. 

38 (30). Caudal process in the form, of a pre- 

anal spine 39. 

39 (41). Ventral spine small, parallel to main 

axis 40. 

40. Very small, oval, 24-30 /i ; macro- 
nucleus broad, wedge-shaped, from [MacL., p. 296. 
^ to I body-length E. breviapimim Kof. & 

41 (39). Ventrsd spine large, curved dorsally . . 42. 

42 (45). Very smaU 43. 

43 (44). Elongated oval, 28-41 fx ; macronu- 

cleus narrow, band-like, from J to f [p. 288. 

body-length E. rostratum Fior., 

44(43). Oval, 25— 32/t; macronucleus broad, [MacL., p. 301. 

elongated, from jr to f body-length. . E.lateroapinumK.o{.& 

45 (42). Small, rotund, 40-53 /i ; macro- 
nucleus slightly curved, rod-like, [p. 283. 
about f body-length E. curium Kof. & Chr., 



280 oruoPHOBA. 

46 (29). With more than, one caudal process. . . 47. 

47 (66). With two caudal processes 48. 

48 (64). With dorsaJ. and ventral spines or 

processes 49. 

49 (52). With two spines, one dorsal and one 

ventral 50. 

50 (51). Small, 38-58jii, with distinct dorsal 

fin with a shaip dorsal spine at its 

posterior end, and a amall ventral 

spine ; macronucleus band-like, -J piiIacL., p. 287. 

body -length B. pUcicidum Kof. & 

51 (50). Small, 38-51 ju, with heavy dorsal and 

ventral spines ; macronucleus band- [MacL., p. 300. 

like, f body-length S. gibberosum Kof. & 

52 (49). With two processes, one dorsal and 

one ventral 53. 

53 (55). Only one of the processes lobe-like 54. 

54. Small, broad, 30-46/*; pre-anal pro- 

cess roundied, lobe-like, post-anal 

pointed spine ; maoronudeus eloaga- [Dog., p. 285, 

ted E. loboso-apinosum 

55 (53). Both processes more or less lobe-like . . 56. 

56 (62). Macronucleus elongated, sausage- 

shaped 57. 

57 (59). Macronucleus not extending beyond [p. 295. 

the middle 68. [dilobum Dog., 

58. Medium-sized, both lobes short E. anteromusleaium 

59 (57). Macronucleus extending beyond the 

middle 60. 

60 (61). Very small, subspherical, posteriorly 

narrowed, 30-40 /x; caudal lobes 

transversely truncated, lying dose to 

each other, separated by a nairow [p. 295. 

slit ; macronucleus elongated E. bimiastua Dog., 

61 (60). Short and broad, 42-55 p. ; caudal 

lobes more. or less pointed, separated [p. 299. 

by a distinct bay E.f urea dUobum Dog., 

62 (56). Macronucleus spherical, situated about 

the middle of the body 63. 

63. Medium sized, broad, 50-60 fi. ; caudal [p. 307. 

lobes small asa.d pointed E. setnai Das-Gupta, 

64 (48). With two caudal spines, one on each 

side of the ventral lobe 65. 

65. Very small, oval, 3 1-40 /z, posterior 

dorsal region depressed laterally, 

forming bilateral biconcave areas ; 

macronucleus short ovoid to long 

band-like, set at an angle to the dorsal [p. 291. 

mid-line E. biJiAum (Dog.), 

66 (47). With three caudal processes 67. 

67 (82). With one dorsal and two ventral spines, 

one on each side of ventral lobe 68. 

68 (71). Contractile vacuole in the middle of 

the left lateral surface 69. 

69 (70). Very small. eUipaoid, 19-28 /i, right 

ventral spine a small triangiilar flap ; 

macronucleus broad, we^-shaped, [MaeL., p. 292. 

r,,, ,«n, rr* *° ^ '^ojly-length E. Utterale Kof. & 

70 (69). Very small to small, broad, 29-45 ji*. 

right ventral spine broad flange-like ; 
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macronucleus broad, wedge-shaped, [& MacL., p. 293. 

i to J body -length - E. rectangtdatum Kof. 

71 (68). Contractile vacuole to the left of the 

macronucleus 72. 

72 (79). Postero-dorsal region without bilateral 

biconcave areas 73. 

73 (76). Macronucleus elongated 74. 

74 (75). Very small, short and stout, 26-39 /i, 

strongly convex surfaces; macro- [Kof. & MacL., p. 286. 
nucleus f- of the body-length il. aautomtdeatum 

75 (74). Medium sized to large, strongly con- 

vex surfaces ; macronucleus may or 
may not extend beyond the middle 
of the body E. caudatumSt.ip. 296. 

76 (73). Macronucleus o%'oid, not extending 

beyond the middle. 

77 (78). Very small, broadly oval, 25-30 ji; [Das-Gupta, p. 305. 

dorsal spine as long as the body . E. ovoido-nucleatum 

78(77). Very small, broadly oval, 30-35^; 

dorsal spine not very long, arising [Gupta, p. 299. 

from the right lateral surface E. eketidres Das- 

79 (72). Postero-dorsal region with bilateral 

biconcave areas 80. 

80(81). Small, oval, 32-42 pi; dorsal spine 

broad, triangular, ventral spines large ; 

macronucleus short to long band-like, 

J to f of the body-length, set at an [MacL., p. 289. 

angle to dorsal mid-line E. acutum Kof. & 

81 (80). Small oval, 34-40 /x, dorsal spine 

short, narrow, ventral spines large, 

the right ventral simple or bifurcate ; 

macronucleus short, broad, i to less 

than J the body-length, set at an [MacL., p. 289. 

angle to the dorsal mid-line E. aculeatum Kof. & 

82 (67). With one dorsal spine, one ventral 

spine, and one lateral lobe or spine . . 83. 

83 (84). Very small, short, broad, ellipsoid, 

22-33 /Lt, with three prominent ribs 

running the length of the body, dorsal 

and left ventral ribs terminating in 

caudal spines, thin blade-like right 

ventral rib in the lateral lobe ; 

macronucleus very short, stout, § to 

almost the body-length, following [MacL., p. 308. 

the spiral coiuse of the dorsal rib .... E. tricosiatum Kof. & 

84 (83). Small, broad, 25-40/*, spines long, 

triangular, one dorsal, one ventral, 

and one large spine on the left side ; 

macronucleus wedge-shaped, jt to ^ [MacL., p. 301. 

body-length E. indicum Kof. & 



" Bursa " Gboxtp. — The featiires of this group are stated 
to be their large size (60-122 jn) and their habit of eating 
other Ciliates. The macxonucleus, the vacuole, and the heavy 
slit rectum furnish evidence of dose relationship. E. bursa 
and E. eUipsoideum belong to this group, and E. curfum, 
E. dvbardi, and E. loboso-spiTioawn, though smaller in size, 
may also be placed here. 
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166. Entodinium bursa Stein. (Fig. 144.) 

Entodmiumburaa.Stem, 1858, T?-p. 69-70; 1867, p. 164; Sehuberg, 

1888, pp. 366, 404-9, figs. 6, 29. 
^Entodinium bursa, Jameson, 1925, p. 407. 
\lHplodimvm bursa, Jameson, 1925, p. 408. 
EnUdmium vmax forma vorax, Dogiel, 192S o ; 1927, pp. 46-7, 

fig. 10, o, 6. 
Entodim^m bursa, Dogiel, 1927, p. 68, fig. 35 ; Kofoid & Mao- 

Lennan, pp. 496-7. 
^Entodmmm vorax, Das-Gupta, 1935, p. 160. 

Body stoutly ellipsoid, with, relatively plane surfaces ; 
length 1-4 times the dorso-ventral diameter, the anterior 
end flattened to form the oral area ; posterior end rounded. 
Cytostome relatively large. Contractile vacuole single, lateral, 
somewhat hehind the anterior end. Anal groove leads into 
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Fig. 144. — Entodimum bursa St. a, with, retracted ; b, with expanded 
adoral zone. Fv, small Entodinivm speoimens in the 
endoplasmic sack ; Ma, maoronucleus ; Mi, micronucleus ; 
V, contractile vacuole. (After Dogiel.) 

a depression at the posterior end of the body. Maoronucleus 
large, cylindrical, extending from a little distance behind the 
oral end to almost the posterior end of the body. Micro- 
nucleus small, lying close beside the macronucleus. 

Dimensions.— Lsa^ 80-121 /i ; breadth 52-83 /t. 

Peeds on other OQiates. 

iJewiarfe.— Dogiel (1927) lists JE. bwsa among the " speoies 
incertse," and thinks that the form described under this 
name by Sehuberg was a complex of species, all of which are 
now listed under different names, e. g., E. simplex, B. ovinum, 
E. dvbardi, E. parvum and E. vorax, and, further, that there 
is now left no non-caudate form to which the name E. bursa 
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could apply. Dogiel has ignored the accepted principle of 
nomenclature, that in revising a species some part must be 
left under the original name. Kofoid and MacLiennan (1930) 
consider E. vorax vorax Dogiel, 1925, to be a synonym of 
E. bursa Stein. 

In E. bursa the cytostome is larger than in E. ellipsoideum, 
and in expanded forms the sides are nearly parallel. The 
Ceylonese form closely resembles the European form, but the 
nucleus is bigger. 

Habitat. — Stomach of Tragvlus meminna Milne-Edwards 
(mouse-deer) : Ceylon. The material was collected by Dobell 
(1910). Also rumen of Capra hirctts Linn. : Bengal, Calcutta. 



167. Entodiniam eurtam Kofoid & Christenson. (PI. X, 
fig. 2.) 

■\Entodinium ourtum, Kofoid & Christenson, 1934, pp. 350-1, 
pi. XXV, fig. 5 ; fig. A, 5, 6. 

Body rotund and stout, 1-2 1-1 -56 dorse -ventral diameters 
in length. Dorsal and ventral surfaces convex, with the 
ventral convexity more prominent. One short ventral spine 
at the posterior end. Oral area circular and occupying a large 
part of the anterior face of the animal. Cytostome tilted 
to the left. (Esophagus is long, and curving to the right and 
dorsalwards ends on a level with the posterior third of the 
macronucleus. Its wall is composed of a number of feebly 
staining longitudinal fibrils. Boundary layer enclosing the 
endoplasmic sack lies directly underneath the peUiole on the 
lateral and ventral surfaces of the body, but forms a con- 
cavity dorsally for the ventral face of the macronucleus and 
the contractUe vacuole. Contractile vacuole to the left of the 
anterior end of the macronucleus. Rectum sloping, with the 
anal opening at the extreme posterior end of the animal, just 
dorsal to the small spine. Macronucleus a slightly curved, 
stout, rod-like structure, rounded at both ends, lying in the 
dorsal middle line and extending about four-fifths of the length 
of the body. Micronucleus small, subspherical, close to the 
ventral surface of the macronucleus, at about one-fourth 
its length from its anterior end. 

Dimensiojis. — ^Length 40-53 /a. 

Feeds on Bacteria and very small pieces of plant debris. 

Remarks. — E. curtum closely resembles E. dlipsoideum in 
general body form and proportions, in shape of the macro- 
nucleus and type of oesophagus, but differs in its smaller size 
and the possession of a short ventral spine. 

Habitat. — Stomach of Bos gaurus H. Smith : Mulehole, 
Mysore. 
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168. Entodinlum dubardi Buisson. (Kg. 145.) 

JUntoiinium dubardi, Buisson, 1923 6, p. 98. 
■^Entodinium dvbardi, Jameson, 1925, p. 407. 

Sntodinium dtAardi forma dubardi, Dogiel, 1927, p. 42, fig. 5. 

Entodinium dubardi dubardi, Wertheim, 1933, pp. 228-9, fig. S. 
■\Eraodinium dvbardi, Das-Gupta, 1935, p. 160. 

Body oval, length 1-55 times the dorse- ventral diameter, 
the anterior end tnmcated, strongly flattened lateraJly. 
Cytostome relatively small. Contractile vacuole single, situated 
to the left of the anterior end of the macronucleus. Macro- 
nucleus large, band-shaped or sausage-shaped, somewhat 
narrowed posteriorly. Micronucleus elongated, situated at 
or in front of the middle of the macronucleus. 

Dimensions. — ^Length 30-40 /x, width 20-25 /m. 

Remarka. — ^The relatively large ectoplasmic expansions of the 
sides and the prominent anal canal are the characteristic 
features of the species. In the forms from Ceylon the 




Fig. 145. — Entodinmm dvhardi Buisson. (After Buisson.) 

nucleus is larger, oecupyiag the whole length of one side, and, 
as a rule, does not taper to a point. In addition no striping 
could be detected on the cuticle. In the specimens from 
Oapra hircus the macronucleus is variable in size and usually 
reaches the middle of the dorsal side. 

Babitat. — Stomach of Tragulus meminna Milne-Edwards 
(mouse-deer) : Ceylon. The material was collected by 
i>obell (1910). Also rumen of Cwpra Jwrcms Lann. : Bengal, 
Calcutta. 



169. Entodiniam ellipsoideum Kofoid & MacLennan. (PI. IV, 

fig. 17.) 

■^Eiitodinium elUpsoideum, Kofoid & HacLennan, 1930, pp. 499- 
500, pi. Ui, fig. 17 ; fig. F. 

Body a stout elUpsoid, length 1-20-1 -67 times the dorso- 
ventral diameter, the anterior end flattened to form the oral 
area, laterally compressed. Cytostome relatively small (0*38- 
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0-64 dorso- ventral diameters in diameter) . Contractile vacuole 
to the left of the macronuoleua, somewhat below the anterior 
end. Amis a narrow transverse slit. Macronucleus large, 
triangular, extending along the dorsal mid-line from the 
oral region past the middle of the body. Micronucleus ellip- 
soidal, lying in the middle half on the left side of the macro- 
nucleus, or slightly ventral. 

Dimensions. — ^Length 65-120 fi. 

Voracious feeder. 

Bemarks. — ^The species is distinguishable from E. bursa 
by the smaller cytostome and more strongly convex sides of 
the body. 

Habitat. — Stomach oiBos indicus IJxm. : Madras, Coonoor ; 
Ceylon, Colombo. 



170. Entodinium loboso-spinosum Dogiel. (Fig. 146). 

Bntodinium dvbard'i (part), Buisson, 193S 6. 
ErOodinium, dubardi foima spinosum, Dogiel, 1925 a, pp. 119-20. 
Bntodiniiim, loboso-spinosum, Dogiel, 1927, pp. 60-1, fig. 27, a-c. 
^Sntodinium, loboso-spinosum, Das-Gupta, 1935, p. 160. 

Body moderately short and broad, both dorsal and ventral 
surfaces distinctly convex. Anterior end truncated, posterior 




Fig. 146. — Etaodinium loboso-spinoezim Dogiel. (After Dogiel.) 

end provided with two processes. One of these processes 
is pre-anal and is gently rounded at the end ; the other 
process arises from the dorsal (postanal) part of the posterior 
end of the body, is broad at its base, elegantly curved, and 
narrows sharply into a spine. Ciliary apparatus and endo- 
plasmie sack do not present any characteristic feature. Macro- 
nucleus elongated, dorso-ventraUy compressed, and closely 



286 oriiioPHOKA. 

fitting against the dorsal surface of the body. Mioronucleus 
lies about the middle of the macronucleus. 

Dimensions of the examples from cattle and sheep : — ^Length 
30-46 fi, breadth 20-31 /x ; ratio of length to breadth 1-5. 

Habitat. — Rumen of Ga/pra hircits Linn. : Bengal, Calcutta. 

" LoNGrsrucLBATUM " Gbotjp. — This group is characterized 
by a long macronucleus extending along ^e length of the 
dorsal mid-liae, a. heavy boundary layer, and a weU-developed 
slit-like rectum. Its members are short and stout, with 
strongly convex surfaces. H. aciiionucleatiim and E. longi- 
nudeatum belong to this group. 

171. Entodinium acutonncleatum Kofoid & MacLennan. 

(PI. I, fig. 1.) 

■\Ento<UnkmiacutoniceleaWm,K.o{oid&MaoLeiDjiaa, 1930, pp. 503-4, 
pi. slix, fig. 1 ; fig. G, 1, 2 ; Kofoid & Christenson, 1934, 
1934, pp. 347-8, pi. xxv, fig. 1, fig. A, 1, 2, 13-18. 

Body short and stout, length 1'10-1'44 times the dorso- 
ventral diameter, laterally compressed. Dorsal surface 
continued posteriorly in a sharp, but relatively broad, dorsal 
spine curving ventrally. Ventral lobe present, but relatively 
small, with two small spines, one on each side, curving dorsal- 
ward. Oral area inclined ventrally. Endoplasmic sack 
fairly clearly defined by the boundary layer. Contractile 
vacuole close to the left of the anterior end of the macro- 
nucleus. Eiectum a wide thin- walled sht, opening by a small 
oval anus. Macronucleus elongated, extending along four- 
fiffihs of liie dorsal mid-line. Micronucleus a small, ellipsoidal 
to spherical body, Ijdng on the left ventral side of iie anterior 
quarter of the macronucleus. 

Dimensions. — ^Length 25-39 /m. 

Feeds on plant d6bris, particularly pollen grains. 

Bemarks. — ^The specimens from B. gaurus show greater 
variation in size and shape of the extremities of the macro- 
nucleus, the spines are relatively longer, and the notch between 
the ventral spines is deeper than in those from B. indicus. 

Habitat. — Stomach of ^os indiciis Linn. ; Madeas, Coonoor ; 
Ceylon, Colombo ; stomach of Bos gaurus H. Smith : 
Mulehole, Mysore. 

172. Entodinium lon^^ueleatum Dogiel. (PI. I, fig. 2.) 

Entodinium longinveleaMm, Dogiel, 19254 pp. 47-8, fig. 6 ; 1927, 

pp. 48-9, fig. 12. 
tJBrataimiMOT Zonfi'mticJeatwn,' Eofoid & MacLennan, 1930, pp. 601-2, 
pi. xlix, fig. 2, fig. G, 3, 4; Kofoid & Christenson, 1934, 
pp. 351-2, pi. xxv, fig. 3, fig. A, 3, 4 ; Daa-Gupta, 1935, p. 160. 
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Body ellipsoid, length 1-21-1-52 times the dorso-ventral 
diameter, anterior end broad and blunt, flattened laterally. 
Oral area relatively small. Ventral lobe prominent. Endo- 
plasmic sack has a distinct boundary layer. Contractile 
vacuole close against the left side of the macronucleus, slightly 
anterior to the micronucleus. Rectum a broad transverse 
slit. Anus a narrow elliptical opening on the dorsal side 
of the base of the ventral spine. Macronucleus elongate, 
extending along the dorsal mid-line from two-thirds to three- 
quarters of the length of the body. Micronucleus small, 
spherical or ovoid, on the ventral side of the anterior quarter 
of the macronucleus. 

Dimensions. — Length 39-51 /x. 

Feeds on plant debris, particularly pollen grains. 

Bemarks. — ^This species differs from E. acuUmueleatum in 
that the only caudal structure present is the ventral lobe 
instead of a lobe plus two lateral spines as in that species. 

Habitai. — Stomach oi Bos indictis livcm. : Madras, Coonoor ; 
Cbtlon, Colombo ; stomach of Bos gaums H. Smith : J([ule- 
hole, Mysore ; nunen of Gapra Mrcvs Linn. : Bengal, Calcutta. 

" RoSTRATUM " Geotjt. — ^TMs group is marked by a straight 
rod-like macronucleus, with the contractile vacuole lying 
anterior to it, and by the presence of a conspicuous excretory 
canal. The boundary layer is very weak and the rectum 
a simple cylinder with two steeply spiral myonemes rising 
from it. It iacludes E. pisciculum and E. rostratum. 

173. Entodinlum piseiculum Kofoid & MacLennan. (PI. II, 

fig. 9.) 

^Entodinium piaoictdum, Kofoid & KacLennan, 1930, pp. S07-8, 
pi. 1, fig. 9; fig. H, 3,4. 

Body long and slim, length 1-76-2-38 times the dorso- 
ventral diameter, gracefully tapering posteriorly to form the 
ventral spine, laterally compressed. Dorsal surface convex ; 
ventral surface nearly plane. A thin cuticular flange along 
the dorsal mid-line with a fusiform projection near the anterior 
end and a sharp dorsal spine on the posterior end. Cyto- 
stome in contracted specimens a narrow transverse slit. 
Contractile vacuole directly anterior to the macronucleiis. 
Rectum in the base of the ventral spine, with a small circular 
anus. Macronucleus straight, rod-like or band-like, extending 
aloi^ the dorsal mid-line in tibie middle half of the body, four 
to six times as long as wide. Mcronucleus in a small depression 
in the macronucleus along the middle of the left ventral 
edge. 
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Dimensions. — ^Length 38-58 fi. 

Feeds on Bacteria and small Plagellates. 

Bemarks. — The shape of the body, with the prominent 
dorsal " fin," gives E. piscicvJnim a strikingly fish-like appear- 
ance. It is a large E. rostratum, whose morphology has been 
complicated by the addition of a flange along the dorsal mid- 
line. 

Hdbiiai. — Stomach of Bos indiciis Linn. : Madbas, Coonoor ; 
Ceylok, Colombo. 



174. Entodinium rostratum Fiorentini. (PI. II, fig. 6.) 

Entodinium roatraMm, Fiorentini, 1889, p. 19, pi. iv. a, fig. 3 ; 
Eberlein, 1895, pp. 270-1, pi. xviii, fig. 22 ; Sohweier, 1900, 
pp. 92-3, pi. u, fig. 36 ; Biaisson, 1923 6, pp. 93-5, fig. 31. 
Entodinmm rostratrum fonua rostratum, Dogiel, 1927, pp. 52-3, 

flg.l8,<J-/. 
■fEntodinium rostratum, Kofoid & MaoLennan, 1930, pp. 50S-7, 

pi. 1, fig. 6 ; fig. H, 1, 2. 
- Non Bntodinvum rostratum, Gunther, 1900, pp. 640-8, figs. 12-14. 

Body rather long and slim, length l*50-2-18 times the dorso- 
ventral diameter. Dorsal surface convex, ventral surface 
concave. The dorsal side terminates in a short, broad dorsal 
lobe, the ventral side in a heavy, blunt spine. Cytostome 
in contracted forms a narrow transverse slit, in expanded 
forms circular. Contractile vacuole directly anterior to the 
macronuoleus. Rectum at the base of the ventral spine, 
anus between the ventral spine and the dorsal lobe. Macro- 
nucleus straight, rod-like, extending along dorsal mid-line in 
the middle half of the body, four to six times as long as wide. 
Micronucleus in a small depression in the macronucleus, 
along the middle of the left ventral edge. 

Dimensions. — ^Length 28-41 /i. 

Feeds entirely on Bacteria and small Flagellates. 

Bemarks. — ^The length of the tail and 3ie degree of con- 
cavity of the ventral surface vary widely in this species. The 
ladism specimens are of the short-tailed form. 

Habitat. — Stoxn.a,oh.oi Bos iTuHouslLiaa. : Madkas, Coonoor ; 
Ceylon, Colombo. 



" BicoifOAVcrM " Gkotdp. — ^This group possesses a macro- 
nucleus of ordinary length but set at an angle to the dorsal 
mid-line. The endoplaanic sack tapers posteriorly to form 
a cone, and the rectum is stout and cylindrical, reinforced 
with transverse, circular myonemes. ■ E. acvleoHim, E. cxiwbwm, 
E. hiconoavum, E. bifidum, and E. dongatum are included 
in this group. 
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175. Entodlnium acnleatum Kofoid & MacLennan. fPl. Ill, 
fig. 12.) 

^Eniodinium aczdeatum, Kofoid & MacLennan, 1930, pp. 515-17, 
pi. U, %. 12; fig. K. 

Body oval, length 1-31-1-43 times the dorso-ventral dia- 
meter, strongly compressed laterally. Dorsal surface strongly 
convex, anterior portion of ventral surface convex, posterior 
portion flat or slightly concave. A short narrow dorsal spine ; 
two large caudal spines, one on each side of the reduced ventral 
lobe. The right ventral spine extends farther towards the 
dorsal side, and may or may not be bifurcated. Cytostome a 
small opening in the anterior projection. Endoplasmic sack 
with its anterior portion shorter than in the other species 
of the group, but with the conical portion as long as in the 
other species. Eectrum narrow, cylindrical, opening to the 
exterior by the anus. Contractile vacuole near the dorsal 
mid-line, to the left of the macronucleus, somewhat behind 
its anterior tip. Macronucleus a short, broad body, located 
along the dorsal border, extending from near the anterior 
end to past the middle of the body, set at an angle to the dorsal 
mid-line. Micronucleus near the left ventral border of the 
middle third of the macronucleus. 

Dimensions. — ^Length 34-40 fi. 

Feeds on small plant debris, rarely on Bacteria or Flagellates. 

Bemarks. — ^Throughout the Ophryosoolecidse a major 
trend in their evolution is the increasing complexity of the 
caudal ornament accompanied by a considerable variation 
in the details of the spines among individuals of the same 
species. The variation in a spiue from simple to bifurcate, 
as seen in this species, has been described before by Dogiel 
from species of other genera. 

Habitat. — Stomach oiBos indicue Linn. : CBifioir, Colombo. 



176. Entodinlom aeutmn Kofoid & MacLeiman. (PL III, 
fig. 15.) 

■fEntodmium aoutum, Kofoid & MaoLerman, 1930, pp. 514-15, 
pi. li, Sg. 15 ; fig. I, 3, 4. 

Body oval, length 1-25-1 -68 times the dorso-ventral dia- 
meter, lateraEy compressed. Convex on both dorsal and 
ventral surfaces. Three spines of nearly equal length — a 
broad triangular postero-dorsal spine and two large caudal 
spines, one on each side of the reduced ventral lobe. Cytostome 
a small opening in the anterior projection. Endoplasmic 
sack wide, tapering posteriorly to a cone. Rectum narrow,, 
cylindrical, opening to the exterior by tie anus. Contractile 
vacuole near the dorsal mid-line to the left of the macro>- 
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nucleus somewhat behind its anterior tip. Macronugleus 
varies from a short form to a long band, on iJie average longer 
than in the other species of this group ; located along the 
dorsal border, extending from near the anterior end past the 
middle of the body, and set at an angle to the dorsal mid-line. 
Mioronuoleus spherical, near the left ventral border of the 
middle half of iiie macronucleus. 

Dime/nskms. — ^Length 30-42 p.. 

Feeds on small plant debris, rarely on Bacteria or Flagellates. 

Remarks. — ^The posterior Jbiconcave region, as present in 
E. bieoncavum and E. bifidum, is represented in this species by 
a biconcave region with the heavy dorsal rim prolonged into 
a doisal spine ; there is, however, no tendency for ti^e right 
ventral spine to become bifurcated as in E. amkatwm. 

Habitat. — Stomach of Bos mSAaaa Linn. : Madras, Coonoor ; 
Cbylost, Colombo. 

177. Entodinium Meoneavum Kofoid & MacLennan. (Fl. Ill, 
fig. 14; fig. 143.) 

■fjBniocKmMm bieoncavum, Kofoid & MaoLeiman, 1930, pp. 509-11, 
pi. li, fig. 14 : fig. 1, 1, 2 ; Das-Gupta, 1936, p. 164. 

Body oval, length 1-15-1-52 times the dorso-ventral dia- 
meter, laterally compressed. Strongly convex on both 
dorsal and veutral surfaces ; posterior dorsal region of the 
body depressed laterally, forming bilateral concave areas. 
A small blunt ventral lobe is the only caudal projection. 
Anterior end truncated at right angles to the main axis to 
form the broad oral area ; adoral hps relatively heavy. Endo- 
plasmic sack -wide, tapering posteriorly to form a cone. Rectum 
narrow, cylindrical, pointing dorsaJly and opening to the 
■exterior by the anus. Contractile vacuole at the left of the 
anterior end of thiS' macronucleus near the dorsal mid-line. 
Macronucleus from a short stumpy to a long, ttiin band-like 
structure, extending along the dorsal border from the level 
of the attachment of the oesophagus to" about the middle 
of the body, and set at an angle to the dorsal naid-line. Micro- 
nucleus small, spherical, near the left ventral border of the 
anterior third of the macronucleus. " ' ' 

Dimensions. — ^Length 28-41 /i. 

Feeds on small plant debris, rarely on Bacteria or Flageillates. 

Remarks. — ^This species is very similar to E. dongaMm 
Dogiel in the general shape of the body and macronucleus, 
oonical endoplasmic sack, cylindrical rectmn, small food 
particles and veniaral lobe; but it differs from that species 
in size, relative body proportions and in having botib surfaces 
convex ; in -E. ehngatum the dorsal side is convex and the 
ventral fiat. 
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The specimens from Capra hircus aie larger, measuring 
39-45 fj, in length and 30-34 p. in dorso- ventral diameter, and 
the macronucleus is naarow towards its anterior end and massive 
towards the posterior. 

Habitat. — Stomach of Bos indicus Lion. : Madras, Coonoor ; 
Cbylok, Colombo ; rumen of Gapra hirous Linn. : Bengal, 
Calcutta. 

178. Entodinium bifidum (Dogiel). (PI. HI, fig. 13.) 

Eniodinium roainztum forma bifidum, Dogiel, 1927, pp. 63—4, 

fig. 19, a~e. 
Entodinium rostratum forma bifidum, aberration aequicauda, Dogiel, 

1927, p. 64, fig. 19, d. 
fEntodinium bifidum, Kofoid & MacLenuan, 1930, pp. 511-13, 

pi. U, fig. 13 ; fig. J. 

Body oval, length 1-50-1-90 times the dorso-ventral dia- 
meter, laterally compressed. Strongly convex on both dorsal 
and ventral surfaces ; posterior dorsal region of body de- 
pressed laterally, forming bilateral concave areas. Two 
caudal spines, one on each side of the ventral lobe. Anterior 
end sharply truncated at right angles to the main axis to 
form a broad oral area ; adoral Hps relatively light. Endo- 
plasmic sack wide, with a posterior cone. Rectxim narrow, 
cylindrical, pointing dorsalwards, and opening to the exterior 
by a small circular anus situated between the ventral lobe 
and the posterior portion of the biconcave area. Contractile 
vacuole on the left of the anterior end of the macronucleus 
near the dorsal mid-line. Macronucleus from a short ovoid 
to a long, thin, band-like body, along the dorsal border, but 
set at an angle to the dorsal mid-line. Micronucleus small, 
spherical, near the left ventral border of the middle half of 
the body. 

Dimensions. — ^Length 31-40 ft. 

Feeds on small plant d6bris, rarely on Bacteria or Flagellates- 

Remarks. — ^The caudal spines vary from short, insi^iificant 
projections to rather large spines. 

Habitat. — Stomach of Bos iruMcus Linn. : Madras, Coonoor. 

179. Entodiniam elongatam Dogiel. (Fig. 147.) 

Entodinium elongatum, Dogiel, 1927, pp. 45-S, fig. 9, a-c. 
^Eniodinium dor^atum, Das-Gupta, 1939, p. 161. 

Body very elongated, ventral surface almost flat, dorsal 
surface slightly convex. Posterior end of the body unarmed, 
somewhat obliquely truncated. Endoplasmic sack not sym- 
metrically oval, but showing a doraal diverticulum at its 
hinder* end. Anal tube long, thin, and fextending quite up 
to the posterior end. Contractile vacuole close to the anterior 
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end of the macronucleus. Macronueleus short and thick, sym- 
metrically rounded at both poles, and not thickened at its 
anterior pole. Micronuoleus lies about the middle of the 
macronucleus. 

DimeifLsiona. — ^Length 41-60 fj, ; breadth 17-22 n ; ratio of 
length to breadth 2-35. 





Fig. 147. — ErOodinium dongatMm Dogiel. a, left view ; 
6, right view. (After Dogiel.) 

Remarks. — ^This species is very similar to E. nandlum, but 
larger ia dimensions, and the endoplasmic sack is relatively 
clearer. 

Habitat. — Rumen of Ca/pra %vrcus Linn. : Bengal, Calcutta. 



" Latebale " Geoup. — ^This group is distinguished prin- 
cipally by the location of the contractile vacuole in the 
middle of the left lateral surface, by a conspicuous lateral 
flattening, and the short, stout, almost rectangular pro- 
portions of the body in side view. E. latertde and E. reO- 
angvkbtum belong to this group. 



180. Entodinium laterals Kofoid & MacLennan. fPl. IV, 
fig. 16.) 

^EntodAnium lateirdlB, Kofoid & MacLennan, 1930, pp. 518-19, pi. Hi, 
fig. 16 ; %. L, 1, 2 ; Das-Gupta, 1936, p. 163. 

Body short and fairly broad, tnmcated ellipsoid in lateral 
outline, length 1-05-1-55 times the dorso-ventral diameter, 
laterally compressed. Dorsal and ventral surfaces both. 
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convex, the dorsal more so than the ventral. The broad 
posterior part of the body terminates in three spines ; the 
dorsal spine is long, thin and flattened laterally ; left ventral 
spine iieshy ; right ventral spiae a small triangular flap. 
The broad oral area tipped ventrally at a slight angle. Endo- 
plasmic sack a laterally compressed cylinder, ending anteriorly 
just behind the oral apparatus and posteriorly just above 
the base of the spines. Rectum slit-like, opening by a small 
oval anus. Contractile vacuole located in the middle of the 
leffc side just opposite the oesophagus. Macronucleus a broad 
wedge-shaped body, two to three times as long as wide, 
broader anteriorly, located along the dorsal mid-line. Micro- 
nucleus small, spherical, on the mid-region of the left ventral 
side of the macronucleus. 

Dimensions. — ^Length 19-28 /a. 

Feeds on Flagellates, amoebse and plant debris. 

Bemarks. — ^The caudal spination of this species resembles 
that of H. cavdaivm, Dogiel. The laterally flattened dorsal 
spine, the triangular right ventral spine and the rounded 
left ventral spine are present in both species. The con- 
tractile vacuole, however, lies at the left of the anterior end 
of the macronucleus in J7. caudatum and in the middle of the 
left side of the body in E. laierale. 

HcMtaL — Stomach oiBos inddcus Linn. : Madeas, Coonoor ; 
Ceylon, Colombo ; rumen of Capra hircits Linn. : Bengai, 
Calcutta. 



181. Entodininm reetangulatam Kofoid & MacLennan. 
(PL IV, fig. 19.) 

^BntodiniumrectangtdatumiKofoid&i'M.aiiiLeimaxL, 1930,pp.519-2I, 
pi. lii, fig. 19 ; fig. L, 3, 4 ; Das-Gupta, 1935, p. 163. 

Body stout and heavy, length l-07-l'48 times the dorso- 
ventral diameter, laterally compressed. Dorsal and ventral 
surfaces equally convex ; lateral surfaces almost flat. Pos- 
terior end of the body truncated, with three caudal spines ; 
dorsal spine flattened laterally ; left ventral spine fleshy ; 
ventral and right side of the body continued posteriorly in 
a flange-like right ventral spine occupying one-third of the 
circumference of the body. The broad, shallow oral area 
set at right angles to the main axis, or slightly tipped ventrally. 
Endoplasmic sack a laterally compressed cylinder. Bectum 
slit-like, opening by a small oval anus. Contractile vacuole 
in the middle of the lefb side just opposite the oesophagus. 
Macronucleus broad, wedge-shaped, two to four times as long 
as wide, broader at the anterior end, and located along the 
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dorsal mid-line. Micromioleus small, oToidal, on the mid- 
region of the left central side of the maoronuoleus. 

Dimensions. — ^Length 29-45 /*. 
• Feeds on Flagellates, Bacteria, amcsbse and plant debris. 

Eemarks. — ^The specimens from Copra hircus differ from 
the description given above in their dimensions, measuring 
40-60 jti ia length and 25-30 /i in dorso-ventral diameter. 
The mioronucleus is placed near the anterior end instead 
of near the middle of the macronucleus., 

Habitat. — Stomach of Bos ivdicus Linn.:. Madbas, Goonoor; 
Cmxlo^, Colombo ; rumen of Gwpta hiraus Lirm. : Bengal, 
Calcutta. 



Unaixocatbd Spbcibs. — -The remaining species of Ewto- 
dinium do not show any close relationships with one another, 
and cannot be arranged in groups. 

182. Entodinium anteronueleatum forma Isevd Dogiel. (Fig. 
148, a.) 

JSntodinium anteronueleatum forma Iseve, Dogiel, 1927, pp. 49-50, 

fig. 14. 
■\JEnlodiniwm, Zseve,. Das-Gupta, 1935, p. 162. 

Body elongated oval, usually slightly compressed laterally, 
with the posterior end rounded. Endoplasmic sack usually 




Kg. 148. — Entodinvum anteronudeatinn Dogiel. a, forma Iseoe ; b, forma 
monololyuim, ; e, fonaa dilolnim. Mi, micronucleus ; j>h, 
cesophagus. (After Dogiel.) 

£lled with food particles, consisting of chlorophyll granules, 
shreds of moss, etc. Macronucleus short and massive, 
is situated at some distance from the anterior, end, and does 
not extend beyond the middle of the body. Mioronucleus 
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oval and situated ventral to the posterior part of the macro- 
nucleus. 

Dimensions. — ^Length 51-SO fj., breadth 39-49 /* ; ratio of 
length to breadth 1*45. 

Hdbifat. — ^Rumen of Capra hircua Liim. : Bengal, Calcutta. 



183. Entodinium anteronueleatam forma monolobam Dogiel. 

(Kg 148.6.). 

Entodinium anteroniicleatum fonoa monohbum, Dogiel, 1927, p. 50, 

6g. 15. 
■\Entodinium monolobujn, Das-Gupta, 1933. p. 161. 

General organization as La E. anteronucleatum forma lasve 
except that the body is provided with a very short ventral 
lobe at the posterior end. The lobe is pre-anal and is bent 
dorsalwards in a hook-like manner. 

Dimensions. — Length 52-82 fi, breadth 39-^0 ju ; ratio 
of length to breadth 1-46. 

Habitat. — ^Rumen of Capra hircus Linn. : Bengal, Calcutta. 

184. Entodinium anteronueleatam forma dilobum Dogiel. 

(Fig. 148, c.) 

Entodinium antsronuoleaMm forma dilobum, Dogiel, 1927, pp. 50-51, 

fig. 16. 
fEntodinium anteronucleaium, Das-Gupta, 1935, pp. 161-2. 

General organization as isi E. anteroniicleatum forma mono- 
hbum except that the posterior end of the body is provided 
with two lobes. The ventral pre-anal lobe is more prominent, 
and the dorsal lobe is only slightly developed, sometimes so 
slightly as to be scarcely recognizable. 

Dimensions as in forma monoldbum. 

HabOat. — ^Rumen of Capra hircus Linn. : Bengal, Calcutta. 



185. Entodtoinm bimastus Dogiel. (PI. II, fig. 10.) 

' Entodiniutn bimaseua, Dogiel, 1927, pp. 55-6, fig. 21, o-c. 

•[Entodinium bimaatua, Kofoid & HacLennaa, 1930, pp. 528-30, pi. 1, 
fig. 10 ; fig. 0, 3, 4. 

Body subspherical, length 1-00-1-33 times the dorso- 
ventral diameter, flattened laterally. Oral area relatively 
small, with deep furrows but rather small lips. Posterior 
part of the body tapers rapidly to form a broad, roughly 
rectangular candal lobe, distinctly divided into a dorsal and 
ventral half by the rectum. Contractile vacuole large, 
to the left of the anterior end of the macronudeus. Macro- 
nucleus flattened, wedge-shaped, broader anteriorly, four to 
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seven times as long as thick, closely foUo^viag the cxirve of 
the body along the dorsal mid-line. Micronuoleus on the 
left ventral edge of the middle part of the macronudeus. 

Dimensions. — ^Length 30-40 /*. 
.. Feeds on Bacteria and plant d6bris. 

Remarks. — ^The subspherical body and broad rectangular 
caudal lobe serve to distinguish this species from all others 
of this genus. 

Habitat. — Stomach of Bos indicus Linn. : Madeas, Coonoor ; 
CsYLOiir, Colombo. 

186. Entodlninm brevispinum Kofoid & MacLennan. (PI. IV, 

fig. 18.) 

■\Entodmium iremspimmt, Kofoid & HacLezman, 1930, pp. 521-2, 
pi. m, flg. 18 ; &g. M, 3-4. 

Body small and oval, length 1-60-2-00 times the dorso- 
ventral diameter, laterally compressed, and with dorso- 
ventral diameter greatest near anterior end. Dorsal and 
ventral surfaces convex ; ventral spine small, parallel to main 
axis. Oral area relatively large and tipped ventrally. Endo- 
plasmic sack "with well defined boundary layer. Rectum 
small, oyhndrical, with a small circular or oval anus. Con- 
tractile vacuole lies to the left of the macronucleus slightly 
behind its anterior end. Macronucleus broad, wedge-shaped, 
two to fotir times as long as wide, from one-half to two- 
thirds of the length of the body, along the anterior part of the 
dorsal mid-line. Macronucleus small, spherical, on the left 
ventral surface of the anterior third of the macronucleus. 

Dimensions. — ^Length 24rS0 ft. 

Feeds on Bacteria, Flagellates and small plant debris. 

Bemarks. — ^This species is similar in proportion, size, general 
appearance, and in the possession of a wedge-shaped macro- 
nucleus to H. hterospinum and E. nanellum. The shapes of 
the surfaces and the places of greatest curvature are, however, 
markedly different in each case, and they are, therefore, not 
considered to constitute a natural species-group. 

Eabitat. — Stomach of Bos indiaus Linn. : Majdras, Coonoor ; 
Cbyloit, Colombo. 

187. Entodiniom eaudatum Stein. (Fig. 149.) 

Eracidmiv,m eavdatum. Stein, 1858, p. 70 ; Kent, 1880-2, p. 654 ; 
Butsohli, 1889, pi. btxii, fig. 10, o, & ; Dogiel, 1927, pp. 61-£ 
fig. 28, a, 6. 
■fSntodmium cmtdalium,, Das-Gkipta, 1935, p. 162. 

Body oval, with three differently formed processes arising 
from ib.& posterior end. The longest of these processes is 
dorsal and is an elongated, laterally flattened spine, which 
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is spirally curved towards the dorsal side. The length of 
this process varies within wide limits. The other two processes 
-are pre-anal and lobe-like. The right lobe is triangiilar, with 
its pointed end directed backwards and to the left. The left 
lobe is not so broad and is more rounded than the right. 
Conferaotile vacuole to the left of the anterior end of the 




Fig. 140. — ETUodinium caudatum Stein, a, with normal, b, with veakly 
developed dorsal spine. Fv, food-vaeuole ; Mi, micro- 
nucleus ; Ph, oesophagus. (After Dogiel.) 

macronucleus. Macronucleus sausage-shaped, j&tting closely 
against the dorsal margin of the body. IMQcronucIeus lies 
about the middle of the macronucleus. 

Dimensions. — Length 35-50 jn, breadth 26-38 /* (after 
Dogiel) ; length 70-90 /t, breadth 30-50 fc (after Eberleia). 

Feeds on vegetable particles and Bacteria. 

Habitat. — ^Rxmien of Copra hircus Linn. : BbngaIi, Calcutta. 



188. Entodlniam ehatterjeel Das-Gupta. (Fig. 150.) 

■^Entodinium ekatterjeei, Das-Gupta, 1936, p. 165, fig. 6. 

Body elongated oval, broad anteriorly and gradually 
tapering towards the posterior end. The posterior end is 
rounded and there is no process. The ventral side is slightly 
concave or flattened. Contractile vacuole situated near the 
anterior end of the body. Macronucleus ovoidal to spherical 
in shape and situated in the middle of the dorsal side. 
Micronudeus oval and situated towards the inner anterior end 
of the macronucleus. 

DimensUma. — ^Length 26-36 fx, breadth 15-18 /u. 

Habitat. — Bumen of Copra Mrcus Linn. : Bbnoaii, Calcutta. 
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Fig. ItO.—ErOodimum chcOterjeei Das-Gupta. (After Das-Gupta.) 



189. Entodinium eontractum Kofoid & Christenson. (PI. X, 
fig. 1.) 

■\Bntodirmm, corOractum, Kofoid & Ghiistenson, 1934, pp. 348-9, 
pi. XXV, fig. 4; fig. A, 9, 10. . . 

Body pyriform in lateral outline and elongated, length 1-39- 
1'66 times the dorso-ventral diameter. Dorsal and ventral 
surfaces smoothly convex in anterior two-thirds of the body^ 
levelling out gradually in posterior third ; posterior end of the 
body smoothly rounded. Oral region broad, occupying the 
anterior face. Cytostome tilted sightly ventraUy and to the 
left. (Esophagus shows ah elongated bundle of fibrils and 
extends backwards and dorsalwards to the right of the middle 
of the macronuclieus. Endoplasmic sack spacious, with well- 
'defined boxuidary layer. Rectum very short, with a relatively 
large funnel-shaped anus opening to the left of the posterior 
extremity. Contractile vacuole against the dorsal surfJaee 
to the left of the anterior end of the macronucleus. Ma*cro- 
nuoleus a curved, club-shaped tod, broader and deeper 
in the anterior half, lying directly along the mid-dorsal hne 
and extending from the base of the outer adoral to the posterior 
fourth of the body. Mcronucleus small, ovoid to subspherical, 
lying beneath the left margin of the macronucleus, one-foittth 
the distance frftm its anterior end. 

Dimensions. — ^Lei^th 39-46/i. 

Feeds on Bacteria and sma^ Flagellates. 

Remarks. — E. coniractmn is simSar to JE. bimaskis Dogiel 
in general body form, shape of macronucleus and type of 
.cesopha-gus, biit differs in the ppsterior end of tihe.body being 
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regularly tapered, and never drawn in to form a broad 
rectangular lobe as in the latter species. 

Habitat. — Stomach of Bos gaurus H. Smith : Mulehole, 
Mysore. 

190. Entodinium ekendrae Das-Gupta. (Fig. 151.) 

^Entodinium, ekendrae, Das-Gupta, 1933, pp. 163-4, fig. 4, a, b. 

■ Body broadly oval, with three differently formed processes 
from the posterior end ; one of these, arising from the right 
side, is a long spine, 18-20 ft. in length, the other two arise 
from the left side, are smaller and lobe-libe. Dorsal side 
convex and ventral side flat. Endoplasmic sack clear. 





Pig. 151. — Entodinium ehendree Das-Gupta, a, right view ; 
6, left view. (After Das-Gupta.) 

Contractile vacuole close to the anterior end of the macro- 
nucleiis. Maoronucleus broadly oval, situated near the anterior 
end of the body, and never reaching beyond its middle. Micro- 
nucleus oval, at the posterior end of the macronuoleus. 

Dimensions. — ^Length 30-35 /i, breadth 28-30 jtt. 

Habitat. — ^Rumen of Oapra MrciiS Linn. : Bengal, Calcutta. 



191. Entodinium furea forma dilobum Dogiel. (Fig. 152.) 

ETUodinium furea, da Cxmha, 1914, p. 65, pi. vii, fig. 4. 
EtOodinium furea forma diUlmm, Dogiel, 1927, p. 57, fig. 23. 
■\Etaodimtaa diUHmm, Das-Gupta, 1935, p. Idl. 

. Body, eloi^ated oval, not narrovring posteriorly, and 
.broadest at the level of the posterior third of the body. The 
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two posterior processes are in the form of laterally flattened 
lobes ■wMcli are convex along their outer margins and concave 
along the inner. CSliary apparatus and the endoplasmic 
sack do not present any characteristic feature. Macro- 
nucleus sausage-shaped, extends about two-thirds the length 
of the dorsal margin of the body, and is not closely fitting 
the dorsal surface. Mieronudeus lies somewhat anterior 
to the middle of the maoronucleus. 

Dimensions. — ^Length 42-55 /x, breadth 28-36 ;* ; ratio 
of length to breadth 1-6. 




Fig. 152.- 



-Bntodinivm furca foixaa dUdbum Dogiel. o, left view; 
6, right view. Mi, micronucleus ; ph, oesophagus. (After 
Bogiel.) 



Remarks. — ^la the specimens from Gapra hircfus the two 
posterior lobes are shghtly curved towards the middle and not 
so wide apart as in Dogiel's figure, reproduced above. The 
maoronucleus is elongated (sometimes ovoidal) and extends 
slightly beyond the middle of the body. 

Habitat. — ^Rumen of Copra kircua lion. : Bbitgal, Calcutta. 

192. Entodinlum gibberosnm Kofoid & MacLennan. (PI. IV, 
fig. 20.) 

'^Eniodinium gibberosttm, Kofoid & MacLeonaa, 1930, pp. 530-1, 
pl.lii,fig. 20; fig. P, 3, 4. 

Body pyriform in a dorsal view, length 1'13-1'72 times the 
•dorso-veatral diameter, smoothly rounded anteriorly, and 
tapering posteriorly to terminate in two heavy sharp-pointed 
caudal spines, one dorsal and one ventral. Dorsal surface 
strongly convex, nearly a semidrole, giving a humpbacked 
appearance. Cytostome located ventrally in the centre 
of the anterior margin, at the apex of a low, broad, conical 
oral chamber containing the retracted membranelles. Endo- 
plasmic sack marked by a +.b-iTi indistiact boundary layer. 
Rectum a thin-walled cylinder, flattened dorso-ventrally. 
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opening by a small elliptical anus. Contractile vacuole 
directly to the left of the anterior tip of the macronuoleus. 
Macronucleus long, band-like, five to seven times as long as 
thick, with a deep notch in the anterior end, extending along 
the middle three-quarters of the dorsal mid-line. Micro- 
nucleus small, ellipsoidal, lying on the left ventral edge of 
the anterior quarter of the macronucleus. 

Dimensions. — ^Length 38-51 /*. 

Feeds on Bacteria and small Flagellates. 

Habitat. — Stomach of .Bos indicus Linn. : Madeas, Coonoor ; 
Ceylon, Colombo. 

193. Entodinium indieum Kofoid & MacLeiman. (PI. I, fig. 4.} 

fEntodinium indieum, Kofoid & HacLeiman, 1930, pp. 533-5, 
pi. xlix, fig. 4 ; fig. P, 1. 2 ; Kofoid & Christenson, 1934, p. 3S1, 
pi. xsv, fig. 2 ; fig. A, 7, 8. 

Body oblong in lateral outline, length l'13-l-56 times the 
dorso-ventral diameter, laterally compressed, tapered ante- 
riorly toward the contracted oral opening, terminating 
posteriorly in three long triangular spines — one dorsal, one 
ventral, and one lajrge spine on the left side. Dorsal and 
ventral siutfaces straight. Oral area inclined dorsaUy ; 03^0- 
stome a broad slit opening into the conical oral cavity con- 
taining the retracted membraneUes. Endoplasmic sack with 
very indistinct boundary layer. Rectum a small tube in 
the base of the left spine, opening by a long narrow slit- 
like anus on the inner surface of the spine. Contractile 
vacuole close against the left side of the anterior tip of the 
macronucleus. Macronucleus wedge-shaped, dorso-ventrally 
compressed, three to six times as long as thick, situated in the 
dorsal mid-line. Micronucleus laterally compressed, lying in 
a small depression in the middle of the left side of the macro- 
nucleus. 

Dimensions. — ^Length 25-40 /n. 

Feeds on Bacteria and small Flagellates. 

Habitat. — Stomach of Bos indicus Linn. : Madbas, Coonoor ; 
Ceylon, Colombo. 

194. Entodinium laterospinom Kofoid & MacLeiman. (PI. I, 

fig. 3.) 

■fEntodinium lateroapinum, Kofoid & IjIaJcXiennan, 1930, pp. 523-4, 
pi. xlix, fig. 3 ; fig. U, 1, 2. 

Body small and wedge-like, with the anterior end lai^er 
than the posterior. Dorsal surface strongly convex, with Sie 
greatest curvature in the anterior half. Ventral surface 
fL&t or slightly concave. Lateral surfaces convex, with the 
greatest curvature in the front part. A curved ventral spine 
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pointing dorsally and to the right. Oral area relatively small, 
but the outer adoral furrow is deep and the inner adoral lip well 
developed. The oral area is tipped ventraUy. Endoplasmic 
sack bounded by a weak boundary layer. Rectum nearly 
parallel to the main axis and opening by a small elliptical 
anus. Contractile vacuole on the left of the maoronuoleus, 
near its anterior end. Maoronucleus wedge-shaped, broader 
at the anterior end, and extending up to two-thirds of the 
length of the body in the dorsal mid-line. 

Dimensions. — ^Length 25-32 /*. 

Feeds on Bacteria, small Flagellates and plant d6bris. 

Remarhs. — ^The wedge-shaped body and the deflection of 
the ventral spine from the direction of the main axis of the 
body distinctly separate this species from E. brevispinum. 

Habitat. — Stomach of Bos indicus Linn. : Madbas, Coonoor ; 
Ceylon, Colombo ; stomach of Bos gaurus H. Smith : 
Mulehole, Mysore. 



195. Entodlnium nanellum Dogiel. (PI. II, fig. 8.) 

Entodinkim mmeUum, Dogiel, 1922, pp. 96-7, fig. 1 ; 1925 a, 

pp. 117-18, 141, eig.l,a-c; 1925 d, p. 46 ; 1927, p. 40, fig. 2 ; 

?a2itham, 1926, p. 566, fig. 1. 
1:Entodmi'um nanelmn, Kofoid & MacLenxoan, 1930, pp. 624r-5, pi. I, 

fig. 8 ; fig. N, 1, 2 ; Kofoid & Christemaon, 1934, p. 352 ; Daa- 

Gupta, 1935, p. 161. 
Entodinium nanelhmi, Wertbeira, 1935, pp. 228-9, fig. 3. 

Body small and ovoid, length 1 -SO— 2-00 times the dorso- 
ventral diameter, widest in the anterior half, laterally com- 
pressed, posterior end smoothly rounded. Dorsal and ventral 
surfaces convex, dorsal more convex in the anterior half 
and the ventral more convex in the posterior half. In the 
lateral surfaces the greatest curvature in the anterior half. 
Oral area inclined ventrally. Endoplasmic sack with thin 
but distinct boundary layer. Rectum a thin- walled cylinder, 
with a small elliptical anus opening at the extreme posterior 
end of the body. Contractile vacuole to the left of the an- 
terior end of the miacronucleus. Macronupleus thin, wedge- 
shaped, broader anteriorly, and four to seven times as long as 
tiuek, lying along the dorsal mid-line. Mioronudeus small, 
ellipsoidal, located on the left ventral margin of the anterior 
third of the macronucleus. 

Dimensions. — ^Length 20-35 jLt, breadth 10-18 ii. 

Feeds on Bacteria and small Flagellates. 

Bemarka. — Specimens from Bos gcuwrus were relatively 
stouter than those from Boa indwus. In specimens from 
Capra hireus the sausage-shaped nucleus is often seen to lie 
ix>wards the posterior end of the dorsal side. 
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Wertheim (1935) has more cleaily defined this species and 
added some useful diagnostic characters, differentiating this 
species from E. simplex and E. dvJbardi dvbardi. 

Habitat. — Stomach of Bos iTulicus Linn. : Madras, Coonoor ; 
CBTtiON, Colombo ; stomach of Eos gaums H. Smith : Mule- 
hole, M3raore ; rumen of Caprahircus Jmsjo.. : BbngaIi, Calcutta. 



196. Entodinlum ovale Jameson. (Fig. 153.) 

■fEtUodinium ovdlis, JTaiQieson, 1925, pp. 407-8, figs. A, B. 
Erttodiniwm, ovale, Dogiel, 1927, p. 67, fig. 34. 

Body small, not dorso-ventrally flattened, the outline 
rounded oval when looked at from either end. Posterior 
end bluntly rounded and composed of ectoplasm only. A short. 
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Fig. 153. — EjUodinuim ovale Jameson, a, lateral view ; 6, dorsal 
view. Ma, macronucleos ; Mi, mxcronacleus ; ph, oeso- 
phagus ; V, vacuole. (From Bogiel, after Jameson.) 

nearly vertical anal canal runs through this into the endo- 
plasm. Anterior end truncated, but only slightly obKquely, 
and when the wide oytostome is contracted tiie anterior 
end is markedly rounded. This rounding is caused by the 
lips, which close the cytostome, being very stoutly built, so that 
when they come together they form a broad dome-shaped 
prominence at the anterior end. . CEsophagus long and curved 
to the left and dorsally. Contractile vacuole on the ventral 
side of the body towards the middle in the anterior half. 
Macronucleus very large, being both long and broad ; is 
actually longer thain the body, so that it is bent at the anterior 
end into a right-angled hook. Micronucleus round or oval, 
situated as a rule to the iimer side of the macronucleus and 
towards its anterior raid. 
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Dimensions. — ^Length 20-40/a, breadth 12-20ju., the thick- 
ness being rather less, 10-18)u.. 

Bemarhs. — ^The species was named ovale as the form has 
a characteristically oval outline when viewed from either side. 

Habitat. — ^In the stomach of Traguliis meminna Mihie- 
Edwards (mouse-deer) : Ceylon. The material was collected 
by DobeU (1910). 

197. Entodinium ovinum Dogiel. (Kg. 164.) 

Sntodmiimi ommmi, Dogiel, 1927, pp. 44-5, fig. 8. 
fUntodmium cmnvan, Bas-Oupta, 1935, p. 160. 

Body very regularly oval, with somewhat truncated an- 
terior end and roimded posterior end. Ciliary apparatus and 
endoplasmic sack do not present any characteristic feature. 
The latter contains numerous but never large food-particles. 
Contractile vacuole large and situated to the left of the anterior 




Fig. 154. — Entodinium, ovinvm Dogiel. (After Dogiel.) 

end of the macronucleus. Macronucleus sausage-shaped, 
beginning near the anterior end of the body and extending 
along the dorsal surface up to the posterior third of the body. 
Micronucleus Ues about the middle of the macronucleus. 

DimensioTis. — ^Length 63-69 /*, breadth 32-41 /* ; ratio of 
length to breadth 1-7. 

Bemarks. — ^The specimens from Ga/pra hirciis were consider- 
ably smaller, measuring 45-50 /* in length and 18-21 jn in 
breadth, but it is doubtful if they were correctly identified. 
Both the length and the breadtiii are considerably smaller 
than the dimensions as recorded by Dogiel, and the ratio of 
length to breadth works out at 2-5 as compared with 1*7 as 
recorded by Dogiel. Further, according to Dogiel E. ovinum 
was found in wild sheep and never in any domestic animal. 

Habilai. — ^Rumen of Copra Mrcus Linn. : Bengal, Calcutta. 
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198. Entodinium ovoideum Kofoid & MacLennan. (PI. Ill, 

fig. 11.) 
■\Entodiniutn ovoideum, Eofoid & MaoLennan, 1930, pp. d26-7, 
pi. li, fig. 11 ; fig. N, 3, 4. 

Body ovoidal, length 1-42-2-10 times the dorso-ventral 
diameter, ■with the greatest diameter in the posterior half. 
Anterior end truncated, posterior end smoothly rounded, 
with no indication of a ventral lobe. Oral area relatively 
small, with the outer adoral furrow shallow and the inner 
adoral lips only weakly developed. Endoplasmic sack 
bounded by a fairly distinct boundary layer. Rectum a 
wide thin-walled sht, with a transverse slit-hke anus on the 
posterior end of the body. Contractile vacuole to the left 
of the macronucleus at its anterior end. Maoronueleus long, 
slightly wedge-shaped, wider anteriorly, extending along the 
anterior two-thirds to three-fourths of the length of the body 
in the dorsal mid-line. Mioronucleus small, ellipsoidal, on the 
left ventral side of the anterior third of the macronucleus. 

Dimensions. — ^Length 30-50 fi. 

Feeds on Bacteria, small FlageUates and plant debris. 

Bemarha. — ^This species resembles E. laterospinum in its 
smooth contours, shape of macronucleus, lack of posterior 
projections, and a weak dorso-ventrally compressed rectum. 
It is very similar in proportions and structure to E. cminum 
Dogiel, and the two can be placed in the same species-group. 

Habitat. — Stomach of Bos indicus Linn. : Madbas, Coonoor ; 
Ceylon, Colombo. 

199. Entodinium ovoido-nucleatam Das-Gupta. (Pig. 155.) 
^ErUodinium ovoido-nudeaium, Das-Gupta, 1935, pp. 162-3, fig. 3. 

Body oval, with three differently formed processes arising 
from the posterior end. The longest one of these is dorsal, 
28-30 /i in length, runs straight backwards and tapers to a 
point ; the other two processes are pre-anal and lobe-like. 
The right lobe is triangular, with its pointed end slightly 
curved dorsalwards. The 1^ lobe is smaller and more 
sharply pointed. Dorsal side slightly convex, ventral almost 
straight and flattened. Contractile vacuole situated on the 
outer anterior side of the macronucleus. Macronucleus ovoid 
and does not eictend beyond the middle of the dorsal side of the 
body. Micronueleus also ovoid and situated close to the inner 
posterior side of the macronucleus. 

Dimensions. — ^Length 25-30 /i, breadth 22-24 [x,. 

Remarks. — The species resembles E. caudatum very closely, 
but differs in the dorsal spine being not curved, in the form 
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and position of the macronucleus and in the position of the 
contractile vacuole. 

SdbUat. — ^Rumen of Oapra hircus Linn. : Bbhtgal, Calcutta. 




Fig. 155.- 



-Wntodinium, ovoido-nudeaMim CaB-Gupta. 
(After Das-Gupta.) 



200. Entodinlnm rhomboideum Kofoid & MacLennan. (PL II, 
fig. 7.) 

•^Entodinium rhomboideum, Kofoid <& MacLennan, 1930, pp. 527-8, 
pL 1, fig. 7 ; fig. O, 1, 2. 

Body rhomboid, comparatively long, length 1-40-1-73 
times the dorso-veaitral diameter, flattened £,terally. The 
greatest diameter in the middle of the body, from that level 
the body tapers toward both anterior and posterior ends. 
Anterior end truncated to form the very narrow oral area. 
Posterior end terminates in a laxge smooth ventral lobe. 
Endoplasmic sack with a thin boundary layer. Rectum thin- 
walled, cylindrical, with a small oval anus at the base of the 
ventral lobe. Contractile vacuole at the left of the macro- 
nucleus just behind the level of its broad anterior end. Macro- 
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nucleus thin, wedge-shaped, broader anteriorly, and extending 
one-half to two-thirds the length of the body, on the anterior 
part of the dorsal mid-line. Micronucleus small, ovoid, on 
the left ventral edge of the middle third of the macronucleus. 

Dirnensions. — ^Length 30-47 ft. 

Feeds on Flagellates, Bacteria and amoebae. 

Habitat. — Stomach of Sos indicus Linn. : Madeas, Coonoor ; 
Cbtlon, Colombo. 



201. Entodinium setnai Das-Gupta. (Kg. 156.) 

■fEniodinium, setnai, Das-Gupta, 1933, pp. 164-5, flg. 3, a, 6. 

Body oval, anterior end broader than the posterior. Dorsal 
side convex anteriorly and ends in a blunt lobe posteriorly. 




Fig. 156. — JEntodinmm sebnan Das-Gupta, o, dorsal view ; 6, view 
from the right side. (After Daa-Gnpta.) 

Ventral side more or less straight and terminating in two 
small pointed lobes ; the right lobe has a broad base and the 
left lobe is more pointed than- the right. Endoplasmic sack 
is clear. Contractile vacuole situated anterior to the macro- 
nucleus. Macronucleus spherical and situated va. the middle 
of the dorsal side. 

Dtmensiowa.— Length 50-60 /*, breadth 26-30 /*. 

Hdinltai,. — ^Rumen of Gwpra Mreus Idnn. : Bekgai., Calcutta 
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^02. Entodlnium simplex Dogiel. (Fig. 157.) 

Mntodimmn simplex, Dogiel, 1926 d ; 1927, pp. 40-1, figs. 3, 4 ; 

Wertheim, 1935, pp. 23S-9, fig. 4. 
■fSnto^mmm simplex, Das-Gupta, 1935, p. 160. 

Body elongated oval, Tinarmedj witt rounded posterior end. 
Adoral membranelle zone, endoplasmic sack and anal tube 
do not present any chaxaoteristie feature. Contractile vacuole 
situated to the left of the anterior end of the macronucleus 
Macronucleus band-shaped, closely applied against the dorsal 
surface of the body, and confined to its anterior two-thirds. 
Micronucleus small, oval, usually close to the middle of the 
macaronucleus. 




Fig. 167. — Sntodiniiim simplex Dogiel. (After Dogiel.) 

Dimensions. — ^Length 38-50 n, breadth 21-29 /x ; ratio of 
length to breadth 1-7-1-74. 

Feeds on Bacteria. 

RemarTca. — ^In the specimens from Copra Mrous the lateral 
sides are flattened and the macronucleus scarcely extends 
up to the posteroir half of the dorsal side. 

Wertheim (1936) has more clearly defined the species and 
added some diagnostic characters, differentiating this species 
fcam E. naneUvm and E. dubardi d/uharii. 

Habitat. — B.umen of Ga(pra hircus Linn. : Bengal, Calcutta. 

203. Bntodinium tricostatum Kofoid & MacLennan. (PI. I, 
fig. 6.) 

^BhOodirmmh tricostatum,' Kofoid & HacLennaa, 1930, pp. 632-3, 
pi. xlix, fig. 6 ; fig. Q. 

Body short, broadly ellipsoid, length O-88-l'lO times the 
dorso-ventraJ diameter, -witii three prominent ribs, one dorsal 
and two ventral, running the length of the body in a weak 
dextral spiral ; the dorseij and the left ventral ribs terminate 
ia the caudal spines, the thin blade-like right ventral rib in 
the lateral lobe. Adoral spiral narrow but relatively deep 
and strongly developed. Etidoplasmic sack with a scaicely 
distinguishable boundary layer. Eectum a small inverted 
cone, opening by a circular anus ia the middle of the posterior 
«nd of the body. Contractile vacuole at the left of the anterior 
«nd of the macronucleus in the dorsal rib. Macronucleus 
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very short, stout, narrower anteriorly, variable in shape, 
lying in the dorsal rib and following its spiral course. Micro- 
nucleus small, oval, on the left ventral edge of the middle 
of the macronucleus. 

DimensioTis. — ^Length 22-33 /i. 

Feeds on Bacteria and small Flagellates. 

Habitat.^— Stom&di of Bos ivdwas linn. : Madras, Coonoor ; 
Getvots, Colombo. 



Genus EODINIUM Kofoid & MacLennan, 1932. 

Anoplodinium, part, Dogiel, 1927, pp. 75-7, figs. 37-9. 

Eodinium, Kofoid & MacLennan, 1932, pp. 69-74, pi. iv, figs. 3, i, 

fig. B, 1-4; Calkins, 1933. p. 513; Kofoid & Christenson, 

1934, pp. 362-5. 

Ophryoscolecidse with dorsal membranelle zone on the same 
level as the adoral zone. No skeletal plates. Contractile 
vacuoles two. Macronucleus a straight rod-like body beneath 
the dorsal surface of the body. 

Remarks. — ^The genus is composed of a number of species, 
formerly included in Dogiel's subgenus Anoplodinium, which 
are related to the typical species of that group only by a single 
character, the lack of skeletal plates. The position and 
shape of the macronucleus clearly separates these forms from 
the other species of Anoplodiniwin (^Diplodinium Sohuberg, 
emend. K. & M.). In addition, the relatively small operculum, 
simplicity of caudal armature, and weak development of the 
endoplasmic sack and rectum mark this genus off from Diplo- 
dinium. The range in size is markedly different in the two 
genera. The species of Eodinium average 48 ^ in length, 
with a size range of from 32-60 ft. ; the species of Diplo- 
dinium, on the other hand, average 100 /*, with a range of 
from 55-210 fi. 

The genus Eodinium consists of three species included in 
the " Poslerovisicvkitum " group and two unallocated species. 

Key to Indian Species. 

1 (4). Body with one or more caudal lobes. 

Macronucleus rod-like, with two con- 
tractile vacuoles resting in depressions 

near its two ends 2. [MacL., p. 310. 

2 (3). With one ventral lobe E. lobatium Kof. & 

3 (2). With one dorsal and one ventral lobe . . E. bUdbosum (Dog.), 

4 (1). Body without any caudal lobe. Macro- [p. 310. 

nucleus short and tapering anteriorly, 

to right of dorsal ntid-Iine. Contractile 

vacuoles on dorsal mid-line, anterior 

on level with anterior end and posterior 

some distance behind the level of the [& MacL., p. 311. 

posterior end of the macronucleus E. reetcmfftdatum Kof. 
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" PosTBBiOTBSiouLATUM " Gkoup. — ^The macTonucleus ia 
long and narrow. The anterior vacuole lies close against the 
left side of its anterior end ; the posterior vacuole lies close 
to or behind the posterior end of the maoromicleus. 



204. Eodlnium Mobosum (Dogiel). (PI. X, fig. 3.) 

Anoplodmium posterovesiculalwn forma bUobostmi, Dogiel, 1927, 

pp. 76-7, fig. 39, a, b. 
IBoMnvu/m biMosttm, Kofoid & MacLencan, 1932, p. 72. 
fBodinittm bUobosum, Kofoid& Christenson, 1934, pp. 362-5, pi. xxv, 

fig. 7; fig.B, 1, 2. 

Body relatively stout, 1'22-1'50 dorso-ventral diameters 
in length, laterally compressed. Dorsal surface sUghtly 
convex, ventral surface somewhat flattened. A small 
inconspicuous operculum separates the adoral membranelle 
zone &om the smaller dorsal zone, both of which he on the 
same transverse level of the body. Two caudal lobes present, 
a smaller dorsal and a larger ventraJ lying in the same dorso- 
ventral plane, separated from each other by a deep concavity. 
Oral area tilted ventrally and to the left. (Esophagus a long 
curved straeture marked by conspicuous transverse mem- 
branelles, giving a ladder-like appearance to it. Rectum 
short and opens to the exterior through an inconspicuous 
anus, lying at the base of the dorsal surface of the ventral 
lobe. Contractile vacuoles two and subequal, one lies 
close against the left antero-dorsal surface of the macronucleus 
and the other behind the posterior end. Macronucleus rod- 
like, nearly uniform in diameter, lying in the dorsal mid-line. 
Micronucleus small, ellipsoidal, and Hes in' a concavity in 
the middle of the dorsal surface of the macronucleus. 

DimeTisions. — ^Length 30-60 fi. 

Teeds on Bacteria and small Flagellates. 

Bemarks. — E. bilobosum is closely related to E. poaterovesicu- 
laium and to E. lobatum owing to the position of the posterior 
contractile vacuole being immediately behind the posterior 
end of the macronucleus. 

Habitat. — ^In moderate numbers in the stomach of Bos 
gamras H. Smith : Mxdehole, Mysore. 



206. Eodlniom lobatum Kofoid & MaoLennan. (PI. V, fig. 3.) 

^Eodiniwn lobcHium,, Kofoid & MaoLennan, 1932. pp. 70-71, pi. iv, 
fig. 3 ; fig. B, 1, 3. 

Body small and narrow, ellipsoid in dorsal view, length 1-51- 
1'97 tunes the dorso-ventral diameter, laterally compressed. 
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Cytostome small, inclined venfcrally. Dorsal zone and dorsal 
disc small and inconspicuous. Dorsal membraneUe zone at 
an angle Trith the main axis. Operculum very small. Dorsal 
and ventral surfaces in the middle half of the body only 
slightly convex and nearly parallel, converging suddenly 
towards the anus in the posterior quarter of the body ; a 
distinct ventral lobe at the posterior end. Endoplasmic sack 
closely following the outline of the body. Rectum short, 
tubular, opening in the middle of the posterior surface 
through an elliptical anus. Contractile vacuoles two, lying 
in the anterior and posterior depressions on the dorsal side 
of the macronucleus. Macronueleus narrow, rod-like body, 
with three large depressions in its dorsal side, the anterior 
and posterior depressions lodging the vacuoles and the 
middle one the micronucleus. llicronucleus a small ellipsoid 
body. 

Dimensions. — ^Length 44-66 ju. 

Feeds on Bacteria, small Flagellates, &c. 

Remarks. — JB. hbatum is similar to E. posterovesiculatum 
(Dogiel, 1927) in all respects except for the absence of the 
ventral lobe in the latter species. 

Habitat. — Stomach of Bos ivdicus Linn : Madras, Coonoor ; 
Ceylon, Colombo. 



Unallocated Species : — 

2U6. Eodininm rectangulatum Kofoid & MacLennan. (PL V, 
fig. 4.) 

■^Eodlnium rectanffulatum, Kofoid & MaoLiennan, 1932, pp. 72-4, 
pi. iv, fig. 4; fig. B. 3, 4. 

Body somewhat rectangular in lateral view, length 1-63— 
1'95 times the dorso-ventral diameter ; ellipsoid in dorsal 
view and compressed laterally. Oral area small and inclined 
ventrally. Dorsal zone small and inconspicuous ; dorsal 
disk small ; operculum of relatively medium size. Dorsal 
surface weakly convex, ventral surface slightly concave in its 
middle, lateral surfaces distinctly convex. No caudal lobes. 
Endoplasmic sack extending posteriorly to near the end of the 
body, with a distinct boundary layer. Rectum short, simple, 
slit-like, opening by a small eUiptical ajius. Two small 
contractile vacuoles on the dorsal mid-line, anterior at the 
level of the anterior end of the macronucleus and the posterior 
behind the level of its posterior end. Macronucleus relatively 
short, with its posterior end two to four times as large as the 
anterior end, located on the doaraal surface to the right of the 
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mid-line, but displaying no ventral curvature. Mioronucleus 
a small spherical body. 

Dimensions. — ^Length 35-70 /jl. 

Feeds on Bacteria and small Flagellates. 

Habitat. — Stomach of Bos indicfus Lion. : Madbas, Coonoor ; 
Ceylon, Colombo. 



Genus DIPLODINIUM Sehuberg 1888, emend. Crawley, 
emend. Dogiel, emend. Kofoid & MacLemaan. 

Ento&nvum, part. Stein, 1858, p. 69 ; 1859 a, p. 58 ; 1867, pp. 164, 

168. 
DiploOmmm, Sehuberg, 1888, pp. 369, 404 ; Crawley, part, 1923, 

pp. 395, 400, pi. xviii, fig. C 2. 
M^adinivm, part, Crawley, 1923, p. 403, pi. xxviii, fig. C, 2. 
Diphdirwum, "Wenyon, 1926, pp. 1213-14 ; CaUdns, 1926, p. 409. 
Anoplodinium, part, Dogiel, 1927, pp. 72-6, 77-105, figs. 40-56. 
Diplodirmmi, Keichenow, 1929, p. 1199 ; Kofoid & MacLenoan, 

1932, pp. 74-87, pi. iv, figs. 1, 2, 5, 6 ; fi^. B, 5-7, C, D, 1-4 ; 

Calkins, 1933, p. 513 ; Kofoid & Christenson, 1934, pp. 352-62 ; 

Das-Gupta, 1935, pp. 166-7. 

Ophryoscolecidae with dorsal membranelle zone on the same 
level as the adoral zone. No skeletal plates. Contractile 
vacuoles two. Macronucleus beneath the middle of the right 
surface of the body ; the anterior third of the dorsal surface 
of the macronucleus bent ventraUy at an angle of 30°-90°. 

The principal features of structure will be clearly seen from 
the accompanying diagram of the lateral view of the type- 
species (fig. 158). 

Remarks. — ^The genus Diplodinium, as restricted by Kofoid 
and MaoLemian, is easily distinguishable from Eodinium by 
the type and position of the macronucleus. Further, the 
operculum is relatively large and prominent ; caudal spines 
are common, and in many cases posesss a complex fibrillar 
system ; the boundary layer is heavy and the rectum is large 
and well developed, often showing a complex fibrillar structure. 
The species of DifZodiniwrn, range in size from 65 to 210 /a 
and average 100 /x, while those of Eodinium range from 32 to 
60 fji and average only 48 fi. 

Key to Indian Species. 

1(18). Body without a caudal fan of spines .. 2. 

2 (4). Body with a broad posterior end 3. 

3. Body with a truncated posterior end, [p. 313. 

with six large, incurved caudal spines. D. detOatwn (Stein), 

4 (2). Body with a narrow posterior end. ... 5. 

5 (6). Body oval, posterior end rounded, [p. 320. 

with a long thin ventral spine D. eonsors (Dogiel), 

6 (5). Posterior emd of the Dody not 

rounded 7. 

7 (15). Posterior half of the body tapering 

and conical 8. 
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8 (13). Only one caudal spine £>. [p. 319. 

9 (10). Ventral spine thin D.p8ittttce%im{i>o^el), 

10 (9). Ventral spine thick 11. 

11 (12). Shorter length of body and relatively 

larger ventral spine. Longitudinal 

cutlcular groove along the right [(Dogiel), p. 316. 

surface present D. monacanthum 

12 (11). Longer body and very small ventral 

spine. Longitudinal euticular groove [Christ., p. 315. 

absent D. ceyHmioum Kof. & 

13 (S). More than one caudal spine 14. [(Dogiel), p. 317. 

14 a. Two caudal spines D. diaeanthum 

[(Dogiel), p. 317. 
14 6. Three caudal spines D. triacantlmm 

[(Dogiel), p. 318. 
14 c. Four caudal spines D. tetracanthum 

[(Dogiel), p. 318. 

14 d. Five caudal spines D. pentacanthum 

[da Cunha, p. 318. 

14 e. Six caudal spines D. anisacanthum 

15 (7). Posterior half of the body triangular. 

Longitudinal euticular line runs along 
the dorsal edge of the right lateral 
surface 

16 (17). Body broadly oval, 80-180 n in length ; 16. 

endoplaismic sack extends into the [p. 321. 

operculum ' D. costatum Dogiel, 

17 (16). Body oval, 33-90 ju ; endoplasmic sack [p. 322. 

does not extend into the operculum. D. minor (Dogiel), 

18 (1). Body with a fan of caudal spines .... 19. 

19 (20). Left side extends posteriorly, forming 

a fan with 2 to 7 spines. Ko spines on [p. 323. 

dorsal surface D. erista-gaUi Dogiel, 

20 (19). Bight side extends posteriorly, form- 

ing a fan with 5 to 7 spines. Two small [MacL., p. 323. 

spines on posterior dorsal surface .... D. flabAlum Kof. & 



" Dentatum " Geoxjp. — ^This group is marked by the 
posterior end of the body beiag broad and truncated and the 
spines being relatively long and heavy. 

207. Diplodininm dentatum (Stein) Schuberg. (PI. V, fig. 2 ; 
fig. 168.) 

Entodinium denteUum, Stein, 1858, p. 70. 

ZHplodinium dentatum, Schuberg, 1888, p. 404. 

Diplodinium denUculatuTn, Fioientini, 1889, p. 16, pi. ii, figs. 4, 5. 

Diplodinium dentatum, Eberlain, 1895, pp. 261-2. 

Diplodinium dentatum var. dentieulatum, Buisson, 1923 b, pp. 122-3, 

fig. 44. 
Diplodinium dentioul<Utiim forma dentioulatum, Dogiel, 1925 c, 

pp. 611-12, flg. 1. 
Anoplodinium dentieiilatum forma dentieulatum, Dogiel, 1927, 

pp. 84r-6, fig. 44. 
Di^fiodinium denUculatum, Beoker & Talbot, 1927, p. 353, fig. 16. 
"fDiplodinium dentatum, Kofoid & MaoLennao, 1932, pp. 75-7, 

pi. iv, fig. 2 ; figs. A, B, 5-7. 
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!Fig. 158. — Diplodmmm dentatwm (Stein.) Schuberg. SemidiagrnTnmatie 
lateral view. The surface striatiotig are omitted for the 
Bake of deamess. x 1000. airuh.jibrU, anchoring fibril ; 
anus, amis ; boumdJiOy., boundary layer ; coi!>i.vao., 
contractile vacuole ; dxUak, dorsal disk ; eet., ectoplasm ; 
end., endoplaam ; exo.pore, excretory pore ; in.adMp, 
inner adoral Up ; in.dMp, inner dorsal Up ; in. fibril, inner 
fibril; macr., maxaxnxudetis : m.ancA.j!6riZ, main anchoring 
fibnl ; marg.fbrU, marginal fibril ; mernb., raembranelle ; 
me«»6.n)0t,membrazielle root; >mcr., mioronTideus; mou^ 
cytostome ; oea., cesophagus ; oper., operculum ; or.dish., 
oral disk ; out.ad,fur., out^ adoral fuircw ; oti^.ad,lvp, 
outer adoral Up ; cmt.d.far., outer dorsal fturow ; oitt.d. 
lip, outer dorsal lip ; red., rectum. (Afber Eofoid & 
MaeLennaiTi.) 
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Body relatively short and heavy, length 1-20-1 '32 times the 
dorso-ventral diameter, sharply truncated at the anterior 
and posterior ends, compressed laterally. Dorsal surface 
convex, ventral surface concave, lateral surfaces convex. 
Six large incurved caudal spines, ventral spine longest ; 
dorsal spine a continuation of a heavy longitudinal dorssl rib 
which arises near the dorsal membraneUe zone. Oral area 
of medium size, inclined ventraUy at an angle. Dorsal mem- 
braneUe zone relatively short, the inner Kp prominent, concealing 
the small dorsal disk. Outer lips of the two membranelle 
zones continuous, being connected along the right and left 
sides of the operculum by slight but distinct ridges. In 
a side view the operculum is broad, heavy, and prominent. 
Endoplasmic sack abruptly truncated posteriorly near the bases 
of the caudal spines, with the boundary membrane relatively 
thin and difficult to distinguish. Rectum short, thin-walled 
tube, with elliptical anus. The two contractile vacuoles lie 
in the dorsal rib slightly to the left of the mid-line, anterior 
a short distance beMnd the dorsal zone, posterior at the level 
of the posterior end of the macaronucleus. Macronucleus 
heavy, rod-like, with its anterior third bent vertically at an 
angle, variable in length, and lying under the left surface 
with its dorsal edge along the deep lateral cleffc. Micro- 
nucleus spherical or slightly ellipsoid, lying in a slight depression 
on the dorsal side of the macronucleus. 

Dimensicms. — ^Length 65-82 fi.. 

Feeds on Bacteria and small particles of cellulose. 

Habitat. — Stomach of Bos indicus Linn. : Majjkas, Coonoor ; 
CEYLOiir, Colombo. 



" As-ACAKTHTntt " Gboup. — ^The group is marked by a tapering 
of the posterior half of the body, giving it a somewhat conical 
aspect. The development of the spines in different species 
presents a complete series, ranging &om no caudal spine up 
to six caudal spines. 

208. Diplodinium ceylonicum Kofoid & Ohristenson. (PI. V, 
fig. 5.) 

^DijMlfinium mcmacanOium, Kofoid & HacXieonan, 1932, pp. 78-80, 

pi. iv, flg. 5; fig. D, 1, 2. 
Diplodinium ceyloniewn, Kofoid & Christenson, 1834, p. 356. 

Body relatively short and heavy, length 1*62-1*82 times tiie 
dorso-ventral dmmeter, tapering posteriorly, with a small 
spine, measuring about 6 /it, projecting £rom the posterior 
end of the ventral surface. OraJ area of moderate diameter, 
Ups weakly developed. Dorsal zone large and conspicuous. 
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itmer dorsal lip well developed. Dorsal disk large, projecting 
above the ioner dorsal lip. Operculum projects ajiteriorly 
for only a short distance. Surfaces convex, with the greatest 
curvature in the posterior third of the body. Endoplasmic 
sack extends posteriorly, closely following the contour of the 
body. Reottmi a narrow sUt ; anus just dorsal to the ventral 
spine. Two lenticular contractile vacuoles under the dorsal 
mid-Une, located at each end of the middle third of the body. 
Macronucleus varies from a short stout body, only twice as 
long as its greatest diameter, to one five or six times as long 
as its greatest diameter, located imder the right lateral surface, 
with its anterior third sloping ventraJly. Micronucleus a 
small ellipaoid body, in a smaJl depression of the dorsal surface 
of the anterior third of the macronucleus. 

Dimensions. — ^Length 60-124/*. 

Feeds on small particles of plant material. 

R&na/rlcs. — ^TMs species lacks the cutioular groove, is dis- 
tinctly and consistently larger, and has a shorter spine than 
D. monacanOtwn (Dogiel). 

Habitat. — Stomach of Boa ivdicnis Linn. : Madr4.s, Coonoor ; 
CEYLOisr, Colombo. 



209. Dlplodlnlam monaeanthum (Dogiel). (Fig. 159.) 

Anoplodinwan denUculabwm forma monaocmOvum, Dogiel, 1927,. 

p. 80, ag. 40 6. 
^IHplodinvum monacanit^um, Kofoid & Christenson, 1934, pp. 355-6, 
pi. ssixn, fig. 9 ; fig. 0, 1, 2. 

Body relatively short and heavy, l-30-l*62 dorso-ventral 
diameters in length, tapering posteriorly, with a caudal spine 
measuring 10-17 /t in length. There is a longitudinal cuti- 
oular groove along the right dorso-lateral surface. 




Fig. 



159. — Diplodiinawm monacanffivm, (Dogiel). a, right lateral view j 
6, dorsal view. (After Kofoid & CSiristeason.) 
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Dimensions. — ^Ler^th 50-68 fi, breadth 30-38 /n. 

Remarks. — Dogiel (1927) recorded this species from domestic 
cattle in the U.S.S.II., and the measiirements given by him 
are intermediate between those of D. monacan^um, irora the 
gaur and of D. ceylomcnim from the Indian ox. 

The species is distinguished from D. ixylxmicfimi by the 
shorter length of the body and relatively larger ventral spine, 
as also by the possession of the longitucUnal eutioular groove. 

Habitat. — Stomach of Bos gaurws H. Smith : Mulehole, 
Mysore. 

210. Diplodlnium diacanthum (Dogiel). (PI. X, fig. 5.) 

Anoplodinxum denticulatum forma diacatithuTn, Dogiel, 1927, 

pp. 80-1, fig. 41, a, b. 
Diplodinmm diacanthum, Kofoid & MacLennan, 1932, p. 80. 
■fDiplodinium diacanthum, Kofoid & Christenson, 1934, pp. 356-9, 
pi. xsvi, fig. 10 ; fig. C, 3, 4. 

Morphologically similar to D. monacanthum, in all respects 
except spioation. Two caudal spines present, a ventral one 
of the same size and position as ia D. monacanffmm and a 
second smaller spine on the right latero-ventral portion of the 
posterior end or less frequently on the dorsal side. Body 
relatively short and stout, 1 •26-1 -49 dorso-ventral diameters 
in length, laterally compressed. Dorsal and ventral surfaces 
are both convex, but the dorsal convexity is greater. Both 
surfaces taper posteriorly to give the characteristic appear- 
ance of the anacavihum group. A distinct longitudinal 
cuticular groove along the right dorso -lateral surface as in 
D. monacanMwm. 

Dimensions. — ^Length 50-70 p., breadth 33-42 ft. 

Eemarks. — Dogiel (1927) recorded somewhat laxger specimens 
(70-83 fi} from cattle from the U.S.S.II. 

Habitat. — ^In small numbers ia stomach of Bos gawrus 
H. Smith : Mulehole, Mysore. 

211. Diplodlnium triacaathum (Dogiel). (PI. X, fig. 6.) 

Anoplodinium, dentiaulatvan forma triacaiM/um,, Dogiel, 1927, p. 81, 

fig. 42, a, b. 
Difj^odmium tiiacanihum, Kofoid & MacLennn.n, 1932, p. 80. 
'\Dvplodmium iriacanthum, Kofoid & CShristensoii, 1934, pp. 3S9-60, 

pL xxvi, fig. 11 ; flig. C, 5, 6. 

Morphologically similar to D. diacan^um ia all respects 
except spination. Three caudal spines present ; a relatively 
large ventral spine corresponding to the single spine ia 
D. TnonaoarUhum, a second smaller spine on the latero-ventral 
edge of the right side, and a third small spine on the dorsal edge. 

DimeTisions. — ^Length 64 fi, breadth 38 fj,. 
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Remarks. — ^Dogiel (1927) recorded somewhat larger speci- 
mens (70-86 jLi) from domestic cattle from the U.S.S.E. 

HabUat. — Only a single specimen was found in Boa gaurus 
H. Smith : Mulehole, Mysore. 

212. Diplodlnium tetracanthum (Dogiel). (PI. X, fig. 7.) 

AnopUxlmmm deniiciulatwm forma tetiraea/iKthwm, Dogiel, 1927, 

p. 82, fig. 42 c. 
Diplodinmim, tetraotmtJman, Kofoid & MacLeimaa, 1932, p. 80. 
^Di/plodinmm, tetracan&iiwm, Kofoid & Christenson, 1934, p. 360, 

pi. xxvi, fig. 12 ; fig. O, 7, 8. 

Morphologically similar to D. dmcantfrnm in all respgcts 
except spination. Four caudal spines are present, three of 
whidx are as in D. triacanthum. The fourtit spine is added 
on the latero-dorsal edge of the right side. 

Dimensions. — ^Length 53-56 ft, breadth 32—33 p.. 

Remarks. — ^Dogiel (1927) recorded considerably larger (72- 
83 fj.) specimens from domestic cattle from the U.S.S.R.. 

Habitat. — ^Two specimens were found in the stomach of 
Bos gcmrus H. Smith : Mulehole, Mysore. 

213. Diplodiniam pentaeanthum (Dogiel). (PL X, fig. 8.) 

Anoplodinium denMauLatv/m fonuB, pentaoa/ni'hum, Dogiel, 1927, 

p. 82, fig. 42 d. 
Diplodinium pentaeanthum, Kofoid & MacLennaxL, 1932. p. 81. 
■^Diplodiniimi pentacanihum, Kofoid & Christenson, 1934, p. 361, 
pi. xxvi, fig. 13 ; fig. C, 9, 10. 

Morphologically similar to D. diacaTdfmm in all respects 
except spination. There are five caudal spines — ^four as in 
D. tetracantJivm, and an additional spine added on the left side. 

Dimensions. — ^Length 50-54 /l, breadth 32-34 /*. 

Remarks. — ^Dogiel (1927) recorded considerably larger speci- 
mens (67-84 fj) from domestic cattle from the U.S.S.E.. 

Habitat. — ^Two specimens were found in the stomach of 
Bos gaurus H. Smith : Mulehole, Mysore. 

214. DiplodMum anisaeanthom da Cunha. (PI. X, fig. 9.) 

Diplodimrmi oniaacanffmm, daCwha, 1914, p. 64, fig. 3; BuiBSou, 

1923 6. p. 123, tg. 44. 
Metadiawum<imsa<sanihuin,Ci&wlej, 1923, p. 401; Fantham, 1926, 

p. 568. ■ . ' 

Anoplodimvm denticiilaium forma antmcanthtum, Dogiel, 1927, 

p. 83, fig. 42 e. 
Diplodinium, amaacanth^tm, Becker & Talbot, 1927, p. 3S6 ; 

Kofoid & MacLemiaa, 1932, p. 81. 
^Diplodinium anisaetmthium, Kofoid & Christenson, 1934, pp. 361-2, 

pi. xxvi, fig. 14 ; fig. C, 11, 12 ; Das-Gnpta, 1936, p. 166. ' 

Morphologically similar to D. diacamihum except spination. 
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There are six caudal spines — one ventral, one dorsal, and two 
on each side. The spines are as in D. pentacanihum, with a 
sixth spine added on the left lateral surface- 

Dimensions. — ^Length 46-67 fj., breadth 28-37 /i. 

Remarks. — ^Dogiel (1927) recorded considerably larger speci- 
mens (77-86 (l) from domestic cattle from the U.S.S.R. 

Habitat. — ^In very limited numbers in the stomach of Bos 
gaurus H. Smith : Mulehole, Mysore ; in small numbers in 
the rumen of Capra hircus Linn. : Beitgai, Calcutta. 

215. Diplodinium psittaceum (Dogiel). (PL V, fig. 1.) 

Anoplodinium psittaBeum, Dogiel, 1927, pp. 93-4, fig. 48. 
fDij:iodinium psitiaceutn, Kofoid & MacLennan, 1933, pp. 81-2, 
pi. iv, fig. 1 ; fig. C, 1, 2. 

Body heavy, rounded, length 1 '34-1 '61 times the dorso- 
ventral diameter, compressed laterally. Oral area relatively 
small in diameter, inclnied ventrally and to the left. Adoral 
region large, with lips of moderate size. Operculum short 
but relatively broad and conspicuous. Dorsal disk also large 
and conspicuous. Surfaces of the body convex, with the 
greatest curvature in the middle and posterior parts of the 
body. A low narrow rib arises on the posterior half of the 
ventral mid-line and ends at the anus in a short acute spine. 
A flange aiises in the posterior quarter of the dorsal mid- 
line and disappears near the amas. Endoplasmic sack extends 
posteriorly, diosely following the contours of the body ; 
boundary layer distinct. Rectum short, dorso-ventrally 
flattened cylinder, opening by an eUiptical anus. Con- 
tractile vacuoles large, lentoidal, anterior on a level with the 
toacronucleus, postCTior in the posterior third of the body. 
Maeronucleus a stout rod-like body, from three to six times as 
long as its largest diameter, wi^ its anterior third bent 
ventrally, lying under the middle of the right surfece of the 
body. Mjcronucleus eUipsoidal, in a small depression on the 
dorsal surface of the anterior third of the maeronucleus. 

Dimensums. — ^Length 95—150 /*. 

Feeds on large pieces of plant material. 

Habitat. — Stomach of Bos indicus Linn. : Madras, Coonoor ; 
Ceylon, Colombo. 

" BtnsAUDis " Gboxtp. — ^In this group the organisms have a 
small longitudinal cutioular groove extending a short distance 
anteriorly from the right border of the anus, and the endo- 
plasmic sack reaches anteriorly into the operculum. Some- 
times a long thin ventral spine with a narrow base may be 
present. The following species is doubtfully referred to this 
group. 
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216. Diplodinlum eonsors (Dogiel). (Fig. 160.) 

Diploclmium bubaUdis forma consore, Dogiel, 1925 a, pp. 124-6, 

fig. 3 ; Fantham, 1926, p. 667. 
Anoplodmimn biibaUdis fonna eonsors, Dogiel, 1927, pp. 98-9, 

fig. 52. 
Diplodmium eonsors, Kofoid & MacLennati, 1932, p. 84. 
^Diplodinium, eonsors, Das-Gupta, 1935, p. 166. 

Body oval, dorsal and ventral surfaces strongly convex. 
Posterior end of the body is provided "with, a pre-anal sickle- 
shaped spine, which is movably jointed with the body. Endo- 
plasmic sack is simple and does not extend anteriorly into the 
operculum. Contractile vacuole lies dorsal to the middle of 
the macronucleus. Macronucleus relatively short and broad 
and its long axis not parallel with the long axis of the body. 




Kg. 160. — IHplodiniv/in eonsors (Dogiel). (After Dogiel.) 

but inclined ventralwards. The anterior end of the macro- 
nucleus shows a carved point, and the small elongated micro- 
nucleus lies in the depression. 

Dimensions. — ^Length 65-108 /x, breadth 35-46 fi ; ratio 
of length to breadth 1-87. 

Feeds on vegetable particles. 

Bemarhs. — ^The species is distinguished from D. b^lbal^dis 
by the form of the macronucleus and by the absence of the 
apical diverticulum of the endoplasmic sack. Kofoid and 
MacLennan (1932) consider it questionable if D. eonsors is 
nearly related to D. bvbaUdis. 

H^Oai. — ^Found (in one ease only) in the rumen of Copra 
Mrcus Linn. : BBiraAi, Calcutta. 

" Rangitbiu; " Gkoxtp. — ^Thia group includes species marked 
by a distinct longitudinal outicular line running along the 
length of the dorsal edge of the right lateral surface. The 
rectum is relatively large and heavy. The spines included in 
this group are relatively short. 
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217. Dlplodinium costatum Dogiel. (Fig. 161.) 

DiplocKnitcm oostcaum fotma ■major, Dogiel, 1925 a, pp. 121-3, 

fig. 2, E. 
AiioiploiimMm, costatum foima major, Dogiel, 1927, pp. 102-3, fig. 53. 
Diplodinium costatum, Kofoid & MacLeiman, 1932, p. 85. 
^Diplodinium costatum, Das-Grupta, 1935, p. 167. 

Body broadly oval, length 1-4 times the dorso- ventral 
diameter ; truncated anteriorly, triangular posteriorly. A 
narrow longitudinal thickening of the cuticle extends along the 
right dorsal surface from the anterior end to the anus. Endo- 
plasmic sack has an anterior diverticulum extending into the 
operculum. Rectum and anus small. Contractile vacuoles 




Fig. 161. — Diplodinium costatum Dogiel. (After Dogiel.) 

two, subequal, lying along the dorsal border, the anterior 
one somewhat anterior to the maoronucleus and the posterior 
one on a level with its posterior end. Macronucleus in the 
form of a hook, the horizontal limb of which is directed ventral- 
wards. Micronucleus lies in a depression on the anterior side 
of the horizontal limb of the macronucleus. 

Dimensiona. — ^Length 80-180 ft, breadth 55-110 ft. 

Bemarks. — ^Dogiel described J), costatum mcyor and D. cos- 
tatum minor. Kofoid and MacLennan (1932), who regard 
these forms as distinct species, have restricted the name 
D. costatum to the form described as D. costatum mt^or by 
Dogiel. 

Habitat. — ^In two cases in the rumen of Gapra Mrctis linn. : 
Bbkgax,, Calcutta. 

OIL. y 
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218. Dlplodinium minor (Dogiel). (PI. X, fig. 4.) 

JDiplodinium costaium forma minor, Dogiel, 192d a, p. 121-3, 

fig. 2F. 
AnophdAnium coataMm forraa minor, Dogiel, 1927, pp. 103-4, 

fig. 56. 
Diplodinium, mmor, Kofoid & MacLemian, 1932, p. 85. 
■JDiplodinium, minor, Kofoid & Christenson, 1934, pp. 352-5, 

pi. 25, fig. 8 ; fig. B, 3. 4. 

Body oval, truncated anteriorly, relatively stout, length 
l'22-l-6 times tke dorso- ventral diameter, strongly compressed 
laterally, and somewhat triangular in lateral view in the pos- 
terior third of the body. Dorsal zone of membranelles lies 
at the same transverse level of the body as the adoral zone. 
A narrow, longitudinal, cuticular line extends along the right 
dorsal surface &om the base of outer dorsal furrow to dorsal 
edge of the anal opening. Oral region of moderate size, 
tilted ventrally and to the left. Operculum shallow, projecting 
a. short distance anteriorly. Glsophagus inconspicuous, 
weakly marked by several curved, longitudinal fibrils. Endo- 
plasmic sack does not form an anterior diverticulum extending 
into the operculum. Beotum a dorso- ventrally depressed 
•canal opening to exterior through- an inconspicuous sht-like 
anus situated at the posterior end of the body. Macronucleus 
relatively stout, somewhat hatchet-shaped, lying imder the 
right surface of the body, slightly dorsal to the lateral mid-line. 
Mieronuoleus small, ovoid, lying in a slight concavity on the 
antero-dorsal surface of the macronucleus. Contractile vacu- 
oles two, usually subequal, lyiag along the dorsal mid-liae 
of the body, the anterior larger at the level of the mieronuoleus, 
and the posterior nearly on a level with the posterior end of the 
macronucleus. 

DiTnenakms. — Length 53-80 /x. ; dorso-ventral diameter 40- 
53ju. ; ratio of length to dorso-ventral diameter 1-22-1 -51 
(Kofoid & Christenson) ; length 60-90 ft, dorso-ventral 
diameter 45-61/* ; ratio of lengfii to dorso-ventral diameter 
1-6 (Dogiel). 

Remarks. — ^The species differs from D. costcctvm, in being 
smaller in size, and in the endoplasmic sack not extending 
anteriorly into the operculum. Along with D. rangiferi 
Dogiel, 1925, and D. dogidi Kof. & MacL., 1932, the four 
species constitute the natural rangiferi group. 

Habiiai. — Stomach of Bos gawrus H. Smith : Mulehole, 
.Mysore. 

■"GRiSTA-GAiirj:" Geoup. — ^This group includes species with 
a roughly triangular lateral outline, truncate anteriorly and 
tapering posteriorly. Rectum relatively long and circular 
in cross-section. 
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219. Diplodinium erista-galli Dogiel. (Fig. 162.) 

Diplodintum crista-gaUi, Dogiel, 1927, p. 9. 

Anoplodinium crista-gaXli forma oriata-gcdM, Dogiel, 1927, pp. 91-3, 

fig. 47 a, c-/. 
Di^odinium erista-galli, Kofoid & MaeLennan, 1932, p. 86. 
■fDiplodinium o'ista-galK, Das-Gupta, 1933, p. 167. 

Body triangular in lateral view ; the left side extends pos- 
teriorly, forming a prominent fan with two to seven spines. 
Endoplasmic sack is full of ceEulose particles and chlorophyll 
granules etc. Anal tube is clear and is directed obliquely 
backwards and dorsaiwards. Contractile vacuoles, two in 
number, lie dorsal to the maeronucleus, and are dorso-ventrally 
compressed. Maeronucleus hatchet-shaped, its anterior limb 




Fig. 162. — Diplodinium crista-gaUi Dogiel. (After Dogiel.) 

not strongly developed, and directed obliquely forwards and 
ventraiwards. Micronucleus lies in a depression on the dorsal 
side of the maeronucleus. 

Dimensions. — ^Length 77-100 fi, breadth 52-70 /j, ; ratio of 
length to breadth 1-45. 

Habitat. — In small numbers in the rumen of Capra hircus 
Linn. : Bengal, Calcutta. 



220. Diplodioiam flabellam Kofoid & MaeLennan. (PL V, 

fig. 6.) 

^Diplodinivm flabeOMm, Kofoid & MacLetman, 1932, pp. S6-7, 
pi. iv, flg. 6 ; fig. D, 3-8. 

Body relatively short, length 1 '29-1 -56 times the dorso- 
ventral diameter, laterally compressed, roughly triangular 
in lateral view, tapering rapidly from the mid-region to the 

y2 
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rotinded posterior end. Right side extends posteriorly, 
forming a prominent fan with five to seven spines which may- 
be simple, bifurcate, or even triforcate ; two small spines 
arise on the posterior dorsal surface, one on each side of the 
mid-line, left simple, right bifurcate. Oral area of moderate 
size, inclined ventrally and to the left. Dorsal membraneUe 
zone short, with a heavy inner lip which hides the small dorsal 
disk. Operculum relatively small. Endoplasmic sack closely 
follows the outer contour of the body to the posterior end ; 
boundary la,yer strongly developed. Rectum narrow, tubular, 
opening at the posterior end by a cireuku anus, which 
lies in the mid-line to the left of the caudal fan. Only one 
relatively large contractQe vacuole observed, located under 
the mid-dorsal surface near to the dorsal zone, second vacuole 
may be present. Macronucleus a heavy rod-like body, with 
its anterior end usually two to three times the diameter of the 
posterior end and slightly bent ventrally, lying under the 
right surface. Mcronucleus eULpsoidal, in a smaJl depression 
on the dorsal surface of the anterior third of the macro- 
nucleus. 

DimeTisions. — ^Length 82-118 /x. 

Feeds on small particles of plant material. 

SeTnarhs. — ^The species is similar to D. crista-galli Dogiel in 
the general shape of the body, shape of the rectum, and in the 
unique caudal fan of spines, which, however, is formed by an 
extension of the left side of the body in that species. 

Habitat. — Stomach of Bos ivdicvs Linn. : Madbas, Coonoor. 



Genus EREMOPLASTRON Kofoid & MaoLemian, 1932. 

Eiidi^dimium, part, DoafH., 1937, pp. 104-19, figs. 67-66. 
Eremoplastron, Kofoid & MacLennan, 1932, pp. 88-103. 

OphryoscolecidsB with two membraneUe zones, viz., an 
adoral, and a dorsal zone lying at the anterior end of the 
body. A single, narrow skeletal plate beneath the right 
surface. Contractile vacuoles two. Macronucleus triangular 
or rod-like, with the anterior end often bent ventrally. 

Ket/ to Indian Species. 

1 (2). Posterior end smoothly rounded, with [MaoL., p. 328. 

no ventral lobe or caudal spines U. rotimdum, Kof. & 

2 (1). Posterior end with one or more lobes or 

spines 3. 

3 (4). Posterior end with a small ventral Jlobe [p. 326. 

on]y J?.6oe*8<Dogiel), 

4 (3). Posterior end with one or two spines ... B. 

5 (6). With thick dorsal flange and laige [tini), p. 327. 

ventral caudal spine H. rosiratwm (JFioren- 

6 (6). With two caudal spines 7. 
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7 (8). Body ellipsoidal in side view, with two [MaoL., p. 323. 

short caudal spines E. brevispinum Kof. & 

S (7). Body rectangular in side view, with two [& MacL., p. 326. 

large caudal spines E. magnodenUUum Kof. 

221. Eremoplastron bovis (Dogiel). (PI. VI, fig. 10.) 

Eudiplodinium neglectum forma hovia, Dogiel, 1927, p. 108, fig. 58. 
Anoplodinium neglectum forma bonis, Dogiel, 1927, p. 244. 
Diplodinium clevelandi, Becker & Talbot, 1927, pp. 356-7, pi. ii, 

fig. 20. 
■f Eremoplastron bovia, Kofoid & MaoLennan, 1932, pp. 93-7, pi. v, 

fig. lOjfig. F, 5, 6. 

Body ellipsoidal, length l-44-l'89 times the dorso-ventral 
diameter, compressed laterally. Ventral surface somewhat 
flattened except in the posterior quarter, dorsal more strongly 
convex. A small, smoothly rounded ventral lobe projects from 
the ventral half of the posterior end. Cytostome relatively 
small, inclined ventraUy and to the left. Dorsal membraneUe 
zone small. Operculum well developed and conspicuous. 
Narrow skeletal plate extends diagonally under the right 
surface from the edge of the oral region to the middle of the 
right side. Endoplasmic sack occupies the greater part of 
the body ; boimdary layer easily seen. Bectum extends from 
the posterior end of the boundary layer and opens in the 
middle of the posterior end of the body at the base of the 
ventral lobe. Two contractile vacuoles beneath the surface 
along the mid-dorsal line, anterior a short distance behind the 
dorsal membraneUe zone and the posterior at the level of the 
posterior end of the macronucleus. Macronucleus elongate, 
beneath the middle of the right surface, its ventral edge 
parallel and close to the skeletal plate and its dorsal side 
convex with a conspicuous indentation in the middle, in which 
the small ovoidal micronucleus lies. 

Dimensions. — ^Length 52-100 fi. 

Feeds on small bits of plant debris. 

Memarks. — E. bovis shows closest resemblance to E. neglec- 
tum, which is relatively simple in structure and, like this 
species, possesses a single ventral lobe. The operculum in 
E. bovis is a great deal smaller than in B. negla^m. 

Habitat. — Stomach of Bos indicus Linn. : Madras, CJoonoor ; 
Ceylost, Colombo. 

222. Eremoplastron brevispinum Kofoid & MacLennan. 

(Pi. VI, fig. 8.) 

EremopUiatron brevispinum, Kofoid & MacLennan, 1932, pp. 97—8, 

pi. V, fig. 8 ; fig. F, 9, 10. 
^Eremoplastron brevispinum, Das-Gupta, 1935, p. 168. 

Body ellipsoidal, length l-54r-l'84 times the dorse- ventral 
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diameter, compressed laterally. Dorsal surface convex, 
ventral surface flat or slightly concave in anterior half, 
convex in posterior half ; lateral surfaces convex. Two short 
broad caudal spines, one dorsal to the anus the other ventral 
to it and merely a slight prolongation of the ventral lobe. 
Cytostome small, inclined ventrally and to the left. Dorsal 
membranelle zone relatively small. Operculum conspicuous. 
Skeletal plate narrow, extending diagonally beneath the right 
surface from the edge of the oral zone to the middle of the body; 
anterior end of the plate three or four times wider than the 
posterior. Endoplasmic sack occupies the greater part of 
the body and posteriorly extends beyond the anterior end 
of the rectum. Rectum wide, slit-like, opening by a narrow 
elliptical anus lying between the dorsal and ventral spines. 
Two contractile vacuoles lie beneath the dorsal mid-line", 
anterior at the level of the anterior end of the macronucleus 
and the posterior just behind the level of the posterior end 
of the macronucleus. Macronucleus beneath the right surface 
just dorsal to the skeletal plate, its ventral side flat or slightly 
concave, dorsal surface convex, with a large indentation in its 
middle, ia which a spherical or slightly ellipsoidal micro- 
nucleus lies. 

Dimensions. — ^Length 72-92 fi. 

Feeds on small bits of plant d6bris. 

Remarks. — ^The shape, proportions and structure relate 
the species closely to E. horns, but the presence of two spines 
shows a small advance in complexity over the single conical 
lobe of E. bovis. 

Habitat. — Stomach of Bos ivMcus linn. : CbyIjON, Colombo ; 
rumen of Ga/pra hirciis Lion. : Bengal, Calcutta. 



223. Eremoplastron magnodentatom Kofoid & MacLennan. 
(PI. YI, fig. 9.) 

^Eremoplastron magnodmtatwm, Kofoid & MacLemian., 1932, pp. 100- 
2, pi. V, fig. 9 ; fig. P, 11, 12. 

Body rectangular in side view, length 1 -50-1 -93 times the 
dorso- ventral diameter, compressed laterally and ovoidal in 
dorsal view, with the largest diameter anterior. Doifsal 
surface flat, ventral slightly convex. Two large laterally 
compressed caudal spines give a remarkable pincer-like appear- 
ance to the posterior end of the body. Oral region inclined 
ventrally but not inclined toward either side. Adoral zone 
well developed, but the operculum is relatively small. Skeletal 
plate lies beneath the right surface and extends diagonally 
from the edge of the oral region toward the middle of the body, 
with its anterior part wider than the, posterior. Endo- 
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plasmic sack extends to the posterior end of the body ; a part 
bulges into the base of the dorsal spine and extends beyond 
the rectum. Rectum slit-like, opening by an elliptical anus 
in the base of the ventral spine. Two contractile vacuoles 
lie beneath the dorsal mid-line, anterior near the level of the 
micronucleus, posterior near the level of the posterior end of the 
maeronucleus. Macronucleus beneath the right surface close 
against the dorsal edge of the skeletal plate ; its ventral surface 
sUghtly concave, dorsal surface strongly convex, with a small 
relatively deep depression in which the ellipsoidal micro- 
nucleus lies. 

Dimensions. — Length 58-S2 fx. 

Feeds on small bits of plant debris. 

Remarhs. — ^This species shows a close resemblance to 
E. dilobiim Dogiel. but differs in the possession of large 
conspicuous caudal spines instead of true caudal lobes as in 
that species. 

Habitat. — Stomach of Bos indicus Lion. : IMadeas, Coonoor ; 
Ceylon, Colombo. 

221. Eremoplastron rostratum (Fiorentini). (PI. VI, fig. 7 ; 
PI. XI, fig. 12.) 

Diplodinium rostratum, Fiorentini, 1889 a, pp. 16, 24, fig. 3 ; 

Eberlein, 1895, pp. 262-3, pi. jn-iii, fig. IS: da Cunha, 1914, 

pp. 62-4. 
Eudiplodinium rostratum, Dogiel, 1927, pp. 118-19, fig. 66. 
Diplodinium helaeri, Becker & Talbot, 1927, pp. 357-8, pi. ii, 

fig. 11. 
■\ErenwplaMron rostratum, Kofoid & Ma<;Leniian, 1932, pp. 91-3, 

pi. V, fig. 7 ; fig. F, 1, 2 ; Kofoid & Christenson, 1934, pp. 367-8. 

pi. xxi-iii, fig. 19; fig. E, 1-12 ; Das-Gupta, 1935, pp. 167-8. 

Body small but relatively long, length 1 •50-2-00 times thu 
dorso-ventral diameter, compressed laterally. Dorsal surface 
convex, ventral surface nearly flat. A long caudal spine 
extends posteriorly from the region between the anus and the 
ventral surface. Posterior third of the dorsal side of the body 
thin and forms a flange-like projection. Oral region relatively 
large, tipped ventrally and to the left at an angle. Dorsal 
membranelle zone small. Operculum relatively smaU, over- 
hangs and obscures the dorsal membjranelle zone. Narrow 
skeletal plate under the right surface, extending from the edge 
of the oral zone to the middle of the body ; anterior end 
of the plate four to five times as broad as the posterior end. 
Ectoplasm relatively thick, boimdary layer thin, endoplasmic 
sack oval. Rectum short, cylindrical, extending dorsalwards 
from the posterior end of the endoplasmic sack. Two con- 
tractile vacuoles beneath the dorsal smface, along the mid-line, 
anterior at the level of the micronucleus, posterior in the 
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anterior part of the dorsal flange. Maoronucleus beneath 
the right surface of the body, parallel and dorsal to the skeletal 
plate ; an elongate body, its ventral side nearly straight 
and its dorsal sirface convex, with a large median indentation 
in which the small ellipsoidal mioronucleus lies. 

Dimensions. — ^Lengtili 40-52 n (according to other observers 
up to 80 jj,). 

Feeds on small bits of plant debris. 

Remarks. — E. rostraiwm is marked off jfrom the other species 
of the genus by its small size and the presence of the dorsal 
flange. Specimens from Bos gaurus were relatively shorter 
and stouter than those from B. indicus. 

Habitat. — Stomach of Bos ivdicas Linn. : Ceylon, Colombo ; 
stomach oiBos gaurus H. Smith: Mulehole, Mysore; rumen of 
Ca^ra Mrcm Linn. : Bbngal, Calcutta. 



225. Eremoplastron rotondum Kofoid & MacLennan. (PI. YI, 
fig- 11.) 

^Eremoplastron rotundum, Kofoid & MacLennan, 1932, pp. 93-4, 
pi. V, fig. 11; fig. F, 7, 8. 

Body relatively short and broadly ovoidal in side view, 
length I*33~l*66 times the dorso-ventral diameter, with the 
largest diameter posterior, compressed laterally ; posterior 
end smoothly rounded, with neither lobe nor spines. Oral 
area of medium size, inclined ventraUy and to the left. Dorsal 
zone short but lips well developed. Operculum small and 
relatively inconspicuous. Skeletal plate extends diagonally 
beneath the right surface from the edge of the oral region 
"to the middle of the body, broader anteriorly, narrow pos- 
"teriorly. Endoplasmic sack occupies most of the body and 
follows the sTirface contours closely ; boundary layer distinct. 
Bectum wide and slit-like. Anus a narrow slit located in the 
middle of the posterior end. Two contractile vacuoles under 
the dorsal mid-line at about the levels of the ends of the macro- 
nucleus. Maoronucleus in the middle half of the body 
adjacent to the dorsal edge of the skeletal plate, its ventral 
side flat or slightly concave, dorsal side strongly convex, with 
■& shallow median depression. Mioronucleus small, ovoidal, 
lying in the depression of the maoronucleus. 

Dimensions. — ^Length 70-95 /*. 

Feeds on smaU bits of plant debris. 

Habitat. — Stomach of Boa indicvs Linn. : Madras, Coonoor ; 
Cbylon, Colombo. 
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Genus DIFLOPLASTRON Kofoid & MacLennan, 1932. 

Eudiplodinium, part, Dogiel, 1927, pp. 123-4. 
Diploplastron, Kofoid & MaoLennan, 1932, pp. 107-8. 

OphryoscolecidsB with dorsal and adoral membranelle 
zones at the anterior end of the body. Two skeletal plates 
beneath the right surface of the body. Contractile vacuoles 
two, below dorsal surface, separated from the maeronucleus. 
Macronucleus narrow, rod -like. 

Remarks. — ^Though possessing two skeletal plates the genus 
is more closely related to Eremoplastron than to Metadinium. 
It differs from the former in possessing two skeletal plates 
and from the latter in the shape of the macronucleus and in 
possessing thin cuticle and ectoplasm and small rectum and 
anus. 



226. Diploplastron afflne (Dogiel & Pedorowa). (Fig. 163.) 

Diplodinium, affine, Dogiel & Fedorowa, 1925, p. 100. 
Evdiplodiniumqffine, Dogiel, 1927, pp. 123-4, fig. 68. 
Diploplastron qffine, Kofoid & MacLennan, 1932, p. 108, fig. H, 3. 
■fDiplodinmm affine, Das-Gupta, 1935, p. 168. 

Body small and oval, 1'7 dorso-ventral diameters in length. 
Two skeletal plates lie beneath the right surface of the body. 




Fig. 163. — Diploplastron affine (Dogiel & Fedorowa). (After Dogiel.) 



extending from the edge of the oral area past the middle of the 
body. The anterior ends of the plates are separated, while 
the posterior parts of the plates come close together but do 
not fuse. Each plate is made up of from five to six rows of 
prisms. Operculum is small. Endoplasmic sack extends 
posteriorly beyond the anterior end of the rectmn. Eectum 
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narrow, tubular, with thin walls. Anus small and circular. 
Contractile vacuoles two, situated along- the dorsal border 
of the body, apart &om the maeronucleus, the anterior one 
in front of the level of the middle of the maeronucleus and the 
posterior behind the level of the posterior end of the macro- 
nucleus. Maeronucleus narrow, sausage-shaped to club- 
shaped. Micronucleus lies in a small depression ia the middle 
of the dorsal margin of the maeronucleus. 

Dimensions. — ^Length 88-120 fi, breadth 47-65 fi ; ratio of 
length to breadth 1-7. 

Habitat. — ^Rumen of Capra hirous Linn. : Bbngai,, Calcutta. 



Genus EUDIPLODINIUM Dogiel, 1927, emend. Kofoid 
& MacLennan, 1932. 

Eudiplodinimn, part, Dogiel, 1927, pp. 119-22, fig. 67, at, 6; 
Kofoid & MaoLennan, 1932, pp. 103-7. 

Ophryoscolecidas with two membranelle zones, viz., an adoral 
zone, and a dorsal zone l3dng at the anterior end of the body. 
A single, narrow, skeletal plate beneath the right surface. 
Cuticle and ectoplasm thick. Two contractile vacuoles with 
heavy membranes and prominent pores. Maeronucleus .rod- 
like, with anterior end enlarged to form a hook opening 
dorsally. 

227. Eudiplodinium maggU (Fiorentini). (PI. VI, fig. 12 ; 
PI. XI, fig. 13.) 

Diplodiniwn maggii, Koreatini, 1889, p. 13, pi. i, figs. 3, 4 ; 

Eberlein, 1895, pp. 252-6, ags. 8, 9 ; Buisson, 1923 b, pp. 103-5, 

fig. 36. 
Diplodinium hvirsa, Schulze, 1924, pp. 657, 661, fig. 6. 
^BvpTadiniuw, maggii, Jameson, 1925, pp. 408-9. 
JDiplodimwm maggii, Dogiel & Fedorowa, 1925, pp. 98, 100, 

106, fig. 1 ; Becker & Talbott, 1927, p. 353. 
Diplodinivm bursa, Becker & TaJbott, 1927, p. 354, pi. ii, fig. 21. 
Eud^lodmium maggU, Dogiel, 1927, pp. 119-22, fig. 67, a, b. 
fEudiplodinium, maggii, Kofoid & MaoLennan, 1932, pp. 105-7, 

pi. V, fig. 12 ; fig. F, 3, 4 ; Kofoid & Christenson, 1934, pp. 368- 

70, pi. xxviu, fig. 20 ; fig. F, 1, 2 ; Das-Gupta, 1935, p. 168. 

Body roughly triangular in side view, length 1-33-1-67 
times the dorso-ventral diameter, sharply truncated anteriorly 
and tapering to a smoothly rounded posterior end ; flattened 
laterally, giving a rather narrow elliptical outline in dorsal view. 
Dorsal surface convex ; anterior half of ventral surface flat 
or concave, posterior half convex. Oral region relatively 
small, and inclined ventrally and to the left. Dorsal mem- 
branelle zone relatively large, operculum relatively small and 
inconspicuous. Skeletal plate lies beneath the right surface 



BUDIPLODINHJIVI. 331 

and extends from the oral region dorsally across the middle 
of the body ; its anterior end broad, tapering posteriorly. 
Cuticle forms a distinct layer ; ectoplasm thick ; boundary 
layer distinct, clearly marking out the endoplasmic sack. 
Rectum heavy, sUt-like ; anus opens on the right side of the 
posterior end. Usually two contractile vacuoles lie beneath the 
dorsal surface near the mid-line, anterior at the level of the 
micronucleus, posterior at the level of the posterior end of 
the macronucleus ; but the number may be increased to six. 
Macronucleus elongate, rod-like, with the anterior end hooked 
dorsaUy, situated beneath the middle of the right surface 
adjacent to the dorsal border of the skeletal plate. Micro- 
nucleus ovoidal, lying in the concavity of the hook. 

Dimensions. — Length 104-235 fi. 

Feeds on relatively large particles of plant material and 
some of the smaller (Mates occurring in the same host. 

Remarks. — ^There has been considerable confusion between 
E. maggii and Diplodinium bursa owing to the somewhat 
incomplete descriptions of Fiorentini. However, as pointed 
out by Kofoid and MacLennan, it is clear from his drawings 
that there is a deep anal groove marking off dorsal and ventral 
caudal lobes in his D. bursa, while his D. maggii has a rather 
pointed posterior end with no lobes at all. 

This species was present but not abundant in the material 
from Ceylon. All the specimens were large and were dis- 
tinguished by the number of contractile vacuoles, six being 
a common number. Macronucleus was very prominent, and 
while conforming to the general pistol-shape characteristic 
of the species the handle-l^:e portion at the anterior end was 
strongly developed and usually bent into a nearly closed loop. 

The specimens from Bos gaurus were smaller and relativelj* 
stouter than those fiam B. ir^icus, measuring 102 (80-117) fi, 
or 1'42 dorso-ventral diameters in length. 

Habitat. — Stomach of Tragulus memirma Milne-Edwards 
(mouse-deer) : Ceylon ; stomach of Bos indicus Linn. : 
Madras, Coonoor ; Ceyix)n, Colombo ; stomach of Bos 
gaurus H. Smith : Mulehole, Mysore ; rumen of Capra hircus 
Linn. : Bengal, Calcutta. 
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Genus METADINinM Awerinzew & Mutafowa, 1914. 

AfetodmiMm, Awerinzew & Mutafowa, 1914, pp. 116-18, figs. 7-10. 
Metadinium, part, Crawley, 1923, pp. 396, 400, pi. Jcxviii, 

:%. C, 1 ; Wenyon, 1926, p. 1213. 
Eudvptodinium, part, Dogiel, 1927, pp. 124-130, figs. 69-72. 
Diplodinium, part, Becker & Talbot, 1927, p. 354, fig. 24. 
Metadimum, JS.ofoid & MacLennan, 1932, pp. 111-16; Calkizis, 
1933, p. 615 ; Kofoid & Chiistenson, 1934, pp. 370-2. 

Ophryosoolecidae with dorsal and adoral membranelle 
zones at the anterior end of the body. Two skeletal plates 
beneath right siirface, occasionally fused at posterior end. 
Cuticle and ectoplasm heavy. Conspicuous oesophageal 
fibrils beneath dorsal and right lateral surfaces. Two con- 
tractile vacuoles lying close to the maoronucleus. Large 
macronueleus with two or three prominent dorsal lobes. 

E^ to Irtdian Species. 

1 (2). Body large, heavy ; skeletal plates not 

fused at their posterior end ; three [Mut., p. 332. 

dorsal lobes on the macronueleus ... M. medmm Awer. & 

2 (1). Body relatively short ; skeletal plates 

fused at their posterior end ; macro- 
nucleus with a large lateral lobe on its [Christ., p. 333. 
left edge M. ratundatum Kof. & 



228. Metadinium medium Awerinzew & Mutafowa. (PL VII, 
fig. 16.) 

Metadmimn medium, Awerinzew & Mutafowa, 1914, pp. 115-18, 

figs. 7-10. 
Diphdmiwm medium, Buisson, 1923 6, pp. 123-4, fig. 45 ; Bogiel & 

Fedorowa, 1925, pp. 100, 107, fig. 2 ; Becker & Talbot, 1927, 

pp. 353-4, fig. 24, 
Metadinium medium, Wenyon, 1926, p. 1216, fig. 621 A. 
Eudiplodimum medi^lm forma medium, Sogiel, 1927, pp. 124-6, 

fig. 69. 
■^Metadinium medium, Kofoid & MaoLennan, 1932, pp. 113-15, 

pi. vi, fig. 16 ; fig. G, 3, 4 ; Kofoid & Christenson, 1934, p. 370, 

pi. aadx, fig. 25; fig. F, 3, 4 ; Das-Gupta, 1935, p. 169. 

Body large and heavy, length 1-3S-1-78 times the dorso- 
ventral diameter, flattened laterally ; anterior end blunt, pos- 
terior end truncated or slightly rounded. Dorsal and ventral 
surfaces vary from nearly flat to dislanctly convex ; lateral 
surfaces slightly convex and ends of body smoothly rounded 
in dorsal view. Oral area relatively large, inclined ventrally, 
but not inclined to the left. Dorsal membranelle zone also 
large. Operculum relatively very small. Two skeletal plates 
extend from the border of the oral area beneath the right 
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surface towards the middle of the body, anterior end of each 
plate broader than the posterior ; the dorsal plate longer 
and broader than the ventral plate. Cuticle very heavy and 
covered with short, fine wrinkles arranged longitudinally, 
but no regular striations as in other genera. Ectoplasm 
also very thick. Endoplasmic sack relatively small, usually 
with two distinct projections on the dorsal and ventral sides. 
Rectum a large cylinder, anus a large opening in the right 
posterior end of the body. Two large contractile vacuoles 
in the hollows between the lobes of the macronucleus, some- 
what to the right of the dorsal mid-line. Macronucleus 
elongate, adjacent to the dorsal edge of the dorsal skeletal 
plate, with three large dorsal lobes, one at each end and one 
in its middle. Mieronucleus small, ovoid, lying in a slight 
depression along the anterior border of the middle lobe of 
the macronucleus. 

Dimensions.— Length 108-224 /n (Kof. & MacL.), 150-272 pi 
(other authors). 

Feeds on relatively large bits of plant debris. 

Bemarks. — ^The specimens from Bos gaums were significantly 
smaller than those from B. indicus, measuring 130-201 /*, 
and possessed a relatively wider mouth. 

Habitat. — Stomach of Bos indicus Linn. : Madbas, Coouoor ; 
Ceylon, Colombo ; stomach of Bos gaums H. Smith : Mtile- 
hole, Mysore ; rumen of Capra hircus Linn. : BiEaroAL, 
Calcutta. 



229. Metadinium rotundatum Kofoid & Christenson. (PI. XI, 
fig. 11.) 

fMetadinium, rotundattan, Kofoid & Christenson, 1934, pp. 370-3, 
pi. xxvii, fig. 18; fig. D. 1-2. 

Body relatively short, length 1-43-1.55 times the dorso- 
ventral diameter, ovoid, and slightly compressed laterally. 
Dorsal surface regularly convex tiuroughout its entire length ; 
ventral surface most strongly convex in its posterior third. 
Right surface more strongly convex than the left. Posterior 
end extremely smoothly rounded. Operculum, shallow, some- 
what flattened on the left. Faint longitudinal striations cover 
the cuticle, which is relatively thick. Mouth well defined, with 
conspicuous lips and furrows, tilted ventrally and to the left- 
Dorsal membranelle zone at about the same level as adoral 
zone. Skeletal complex of two plates underneath the right 
surface, separate in their anterior halves, fusing about the 
middle and continuing as one, terminating near the posterior 
end of the macronucleus. (Esophageal fibrils prominent, 
extending to posterior end of endoplasm. Bectum conspicu- 



334 OILIOPHOBA. 

OTIS, witli faint longitudinal fibrils. Anus ellipsoidal, in the 
middle of the smoothly rounded posterior end. Contractile 
Vacuoles two, to the left of the macronucleus along the dorsal 
mid-line ; anterior usually much larger and slightly anterior 
to the level of the micronucleus, posterior in the posterior 
concavity of the macronucleus. Macronucleus elongate, with 
two shaUow concavities on the left; margin, one on each side 
of a large lateral lobe. Micronucleus small, subspherical, 
IjTing in tiie anterior lateral concavity of the macronucleus. 

DiTnensions. — ^Length 52-73 fx. breadth 34-45 /*. 

Eeeds on plant d6bris. 

Remarks. — ^This species is most closely related to M. ypsilon 
(Dogiel, 1925). It resembles that species in having a skeletal 
complex of two plates fused posteriorly, a macronucleus of 
similaj general shape, a similaj position of the micronucleus 
and the contractile vacuoles, and a relatively thick cuticle. 
It is, however, significantly smaller, has skeletal plates which 
are concave in their mediaii unfused portions instead of being 
parallel, and has a macronuclexiB with a rounded anterior end 
instead of an anterior end perpendicular to its long axis. 

HaJbitai. — Stomach of Bos gaurus H. Smith : Mulehole, 
Mysore. 



Genus ELTTROPLASTRON Kofoid & MaoLennan, 1932. 

Polyplaatron, part, Dogiel, 1928, pp. 333-4, figs. 4, a, b. 
Iflyiroplasiron, Kofoid & MaoLennan,, 1932, pp. 119-22 ; CaJkins, 
1933, p. 515. 

Ophryosoolecidse with dorsal and adoral membranelle 
zones at the anterior end of the body. Two skeletal plates 
beneath right surface, a small plate beneath ventral surface, 
and a long plate beneath the left surface. Cuticle and ecto- 
plasm relatively heavy ; conspicuous fibrils beneath dorsal 
and right lateral surfaces. 

230. Elytroplastron bnbali (Dogiel). (PI. VII, figs. 13, 14.) 

Diplodinium (Polyplastron) TnAdli, Dogiel, 1928 6, pp. 332-4, fig. 4. 
\Mytroplasiron h^ibdl^, Kofoid & MaoLennan, 1932, pp. 121-2, dI. vi. 

figs. 13, 14; fig. G. 5, 6. ^ 

fMlyiroplastron bubaU, Das-Gupta, 1935, p. 169. 

Body ellipsoidal, length 1-43-1 -82 times the dorso- ventral 
diameter, compressed laterally, posterior end smoothly roimded 
with no suggestion of lobes or spines. Oral area relatively 
large, inclined ventrally, but not inclined either to left or 
right. Dorsal membranelle zone relatively short. Oper- 
culum broad but does not project anteriorly beyond the 
adoral zone. Four skeletal plates ; two, as in MOadinmrn, 
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extendiag diagonally from the edge of the adoral membranelle 
zone across the middle of the body, gradually fading in that 
region ; one very short triangular plate on the left ventral 
side just behind the adoral zone ; a fourth plate lies beneath 
the left surface, extending posteriorly and dorsally from the 
base of the operculum. Endoplasmic sack narrow anteriorly 
and swollen in the middle. Rectmn heavy, tubular, beneath 
the right side of the body, and terminating by a narrow slit-like 
anus extending from the middle of the posterior end to the 
right side. Four contractile vacuoles along the dorsal mid- 
hue, one near the anterior end of the macronucleus, second 
at the level of the micronueleus, third further back, and the 
fourth near the posterior tip of the macronucleus. Macro- 
nucleus elongate, slightly to the right of the mid-line, with a 
deep indentation in its left dorsal side, in which the small 
ellipsoidal micronueleus lies. 

Dimensions. — Length 110-160 fj.. 

Feeds on small pieces of plant debris and occasionally small 
Ciliates. 

Remarks. — In the specimens from Capra hircus there are 
usually only two contractile vacuoles, and never more than 
three, and the ventral skeletal plate is slightly longer than in 
specimens from B. indicits. 

Habitat. — Stomach of .Bos indicus Linn. : Madras, Coonoor ; 
CEYiiOK, Colombo ; rumen of Capra hircus Linn. : Calcutta. 



Genus OSTRACODINIUM Dogiel, 1927, emend. Kofoid 
& MacLennan, 1932. 

IHplodin%um,'paxt, Fiorentini, 1889, p. 14, pi. ii, fig. 3 ; part,Buisson, 

1923 6, pp. 120-1, figs. 35, 43. 
Metadirman, part, Crawley, 1923, p. 400, pi. xxviii, flg. Cj. 
Diplodinium, paxt, Fantham. 1926, pp. 567-8, fig. 7 ; Becker & 

Talbot, 1927, pp. 356, 357, flgs. 14, 17. 
Ostracodinium, part, Dogiel, 1927, pp. 134-52, figs. 76-86; 

Reichenow, 1929, p 119J ; Kofoid & MacLennan. 1932, pp. 122- 

40; Calkins, 1933, p. 515; Kofoid & Christenson, 1934, 

pp. 372 77. 

Ophryoscolecidse with dorsal and adoral membranelle 
zones at anterior end of body. Broad skeletal plate beneath 
right side of body. A row of from two to six contractile 
vacuoles beneath dorsal surface. Glsophageal fibrils heavy 
and extending to the posterior end of body. 

Key to Iindian Species. 

1 (7). With no caudal lobe or spine 2. 

2 (5). Posterior end smoothly rounded 3. 

3 (4). Macronucleus with two dorsal lobes ; [p. 337. 

two contractile vacuoles O. gmcHe (Dogiel), 
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4 (3). Macronuolexis ■mUh a smaU, shallow 

depiession. in. the middle of the left [& MacL., p. 341. 

side ; three contractile vacuoles . . O. triveaiciUaium Eof. 

5 (2). Posterior end bluntly pointed 6. 

6. MaoTonucleus with a small shallow 

depression in the middle of the dor- [Kof. & MacL., p. 340. 
sal surface, foiu- contractile vacuoles. O. quadrioesiouiatuim 

7 (1). With one or more oaudal lobes 8. 

8 (16). With one caudal lobe 9. 

9 (14). Ventral lobe small 10. 

10 (11). Maoronucleus rod-like; two con- [Christ., p. 339. 

tractile vacuoles O. Tn/ysorei Kof. & 

11 (10). Maoronudeus with two dorsal lobes ; 

contractile vacuoles two or three. . 12. [MacL., p. 342. 

12 (13). With two contractile vacuoles O vemistum Kof. & 

13 (12). With three contractile vacuoles O. cMpeohim Kof. & 

14 (9). Ventral lobe wide 15. [MacL., p. 336. 

16. Large intumed skeletal plate ; macro- 

nucleus with a depression in the 

imddle of the left dorsal side ; three [& MacL., p. 340. 

contractile vacuoles O. nigolorieafyim Kof. 

16 (8). With two caudal lobes, one dorsal and 

one ventral 17. 

17 (18). Macronudeus elongated, with a large 

shaJlow depresssion in the middle 

of ihe left side ; three contractile [liet), p. 338. 

vacuoles O. mammoaum, (Bail- 

18 (17). Macronucleus elongated, rod-Uke ; two [p. 337. 

contractile vacui^es O. gcmri Kof. & Christ., 



231. Ostracodinium ellpeolum Kofoid & MacLenaan. (PL VII, 
fig. 15.) 

■\Ostraeodmium eUpeolum Kofoid & MacLennan, 1932, pp. 135-7, 
pi. vi, fig. 15 ; fig. J, 9, 10. 

Body eUipsoidalj length 1-64-2-14 times the dorso-ventral 
diameter, compressed laterally. Dorsal siirface convex in 
anterior half, nearly plane ia posterior half ; lateral surfaces 
convex. A smaU, laterally flattened, shield-shaped lobe on 
the postero-ventral end of the body to the left of the middle 
line. Oral area inclined ventraUy and to the left. Dorsal 
membraneUe zone relatively inconspicuous. Operculum small. 
Broad skeletal plate extends laterally beneath the right 
surface from the macronucleus to the ventral side and pos- 
teriorly up to the posterior end of the body. CEsophageal 
fibres extend to the posterior end of the body. SmaU, cylin- 
drical rectum in the middle line of the postero-ventral side 
of the body, and opening by a small elliptical anus. Three 
contractile vacuoles along the dorsal side of the macronucleus, 
two between the anterior and posterior lobes, the third just 
behind the posterior lobe of the macronucleus. Macro- 



OSTEACOMNrOM. 337 

nucleus an elongate body beneath the right dorsal surface, 
with two flat lobes dorsaUy, one on its anterior and the other 
on its posterior half. Mieronucleus ellipsoidal, in a depression 
on the dorsal side of the macronucleus. 

Dimensions. — ^Length 92-128 /j,. 

Feeds on large bits of plant debris. 

Remarks. — ^This species resembles O. dogieli Kof. & MacL. 
in proportions, size and the shape of the caudal lobe. The 
caudal lobe is often reduced, and may be little more than a 
semicircular flap. 

Habitat. — Stomach of Bos indicus Linn. : Madras, Coonoor ; 
Qeyuois, Colombo. 



232. Ostraeodinium gauri Kofoid &• Christenson. (PL XI, 

fig. 14.) 

■^Ostraeodinium gauri, Kofoid & Christenson, 1934, pp. 375—6, 
pi. xsviii, fig. 21 ; fig. G, 7, 8. 

Morphologically identical with 0. mysorei in all respects 
except caudal armature ; two caudal lobes of subequal size 
present, one ventral, the other dorsal. Anal opening lies 
at the base of the dorsal surface of the ventral lobe. 

Dim,ensions. — ^Length 44-70 ju., breadth 23-40 /x. 

JRemarks. — ^This species is related to 0. mysorei in. size and 
shape of the body, shape of macronucleus, shape of skeletal 
plate, posterior diverticulum of endoplasmic sack, and the 
number of vacuoles, but differs in possessing two caudal lobes. 
It differs from 0. dihbam Dogiel (1927), in being of smaller 
size, in having two vacuoles instead of five, and in possessing 
a posterior divertioulimi of the endoplasmic sack. 

Habitat. — Stomach of Bos gaurus H. Smith : Mulehole, 
Mysore. 



233. Ostraeodinium gracDe (Dogiel). (PL VIII, fig. 18.) 

Diplodinium graaiU forma gracile, Dogiel, 1925 a, pp. 130, 133, 

141, fig. 5 ; 1925 6, pp. 297-301, figs. B, E-L, E,-Mi, Ej-Gj. 
OstracodiniumgraaiUioTca&graciiU, Dogiel, 1927, pp. 144-6, fig. 81, d. 
^Ostraeodinium gracile, Kofoid & MacLennan, 1932, pp. 27—9, pi. vij, 
fig 18; fig. J, 1, 2; Kofoid & Cauistenson, 1934, p. 376, 
pi. xxiTii, £g. 22; fig. G, 1. 2. 

Body roughly triangular, length 1 •75-2-16 times the dorso- 
ventral diameter. Ventral and left surfaces plane, right and 
dorsal surfaces convex ; posterior end smoothly rounded. 
Oral area prominent, inclined ventrally, but not inclined to 
the right or the left. Dorsal membraneUe zone and the 

on.. z 
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operculum relatively prominent. A broad skeletal plate 
beneath the right surface, extending laterally from the macro- 
nucleus to the ventral surface. (Esophageal fibrils extending 
to the posterior end of body. Two contractile vacuoles, 
close against the dorsal edge of the macronucleus, one vacuole 
in the depression behind each lobe of the macronucleus. 
Macronucleus elongate, lying along the right dorsal surface, 
with two dorsal lobes, one at its anterior end and one in the 
middle. Mcronucleus small, ellipsoidal, lying between the 
two lobes of the macronucleus. 

Dim&nsions. — ^Length 90-133 yk. 

!Feeds on relatively large pieces of plant debris. 

Remwlcs. — This species is closely allied to 0. trivesicvlatwm, 
Kof. &G MacL. and 0. t&nue, (Dog.) in its triangular shape, size, 
proportions of the body, and in the lack of spines. It is 
also closely related in shape and proportions to two spined 
species, 0. nanum (Dog.) and 0. gladiator (Dog.). The con- 
jugation of 0. gracile has been described by Dogiel (1925 c). 

Specimens of 0. gracile from Bos gawms were smaller and 
relatively shorter than individuals from B. indicus. They 
measure 60-85 /i, and the length is l-58-l'85 times the dorso- 
ventral diameter. 

Habitat. — Stomach oiBos indicua Linn. : Madeas, Coonoor ; 
Ceylon, Colombo ; stomach of Bos gaums H. Smith : Mule- 
hole, Mysore. 



234. Ostraeodlnium mammosum (Railliet). (PI. VIII, fig. 17.) 

Dvplodinvum dentatum, Fiorentini, 1889, pp. 14, 24, pi. ii, fig. 8. 
Diplodmi/um mam/moBum, Railliet, 1890, pp. 318-19 ; 1896, p. 181. 
DipUxUrdwm dentatum, da Cunha, 1914, pp. 63, 64 ; Sharp, 1 914, 

p. 60 ; Buisson, 1923 6, pp. 120-1, flg. 35 ,- Beoker & Talbot, 

1927, pp. 353, 356, pi. ii, Ag. 14. 
IHplodM,wn JioreniiinM, Awerinzew & Mutafowa, 1914, pp. 110-11, 

figs. 1, 2 ; Buisson, 1923 6, p. 120, fig. 43. 
MeStdinmm deniaium, Crawley, 1923, p. 400. 
Osiraoodinium dentatum, Dogiel, 1927, pp. 139-42, fig. 79, a, b. 
^Osiraoodinwm Tnammosum, Kofoid & IidtefiLeniiaa, 1932, pp. 125-6, 

pLvit, fig. 17; fig.G, 1,2. 

Body relatively short, length l-55-l'92 times the dorso- 
ventral diameter. Ventral surface convex in anterior half, 
then flat or slightly concave, and convex again in the posterior 
region ; dorsal surface convex ; lateral surfaces convex. One 
dorsal caudal lobe ; the ventral lobe hollow on its dorsal side. 
Oral area inclined ventrally and to the left. Adoral membranelle 
zone relatively well developed. Operculum large. Skeletal 
plate broad, anteriorly extending beneath the right surface 
from the anterior end of the macronucleus to the ventral side. 
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narrowing posteriorly and extending to the bases of the caudal 
lobes, (Esophagus and endoplasmic sack marked by heavy 
fibrils. Rectum a dorso-ventrally flattened tube ; elliptical 
anus in the concave side of the ventral lobe. Three contractile 
vacuoles beneath the dorsal surface of the body, anterior 
near the anterior end of the maoronucleus and th6 posterior 
near the level of the posterior end of the maoronucleus. 
Maoronucleus long, rod-like, lying beneath the right dorsal 
surface, with a large shallow depression in its left side, near 
which lies the median contractile vacuole. Micronucleus small,, 
ellipsoidal, in a small depression near the middle of the dorsal 
surface of the maoronucleus. 

Dimensions. — Length 41-110 /i. 

Feeds on small bits of plant debris. 

Remarks. — ^This species resembles 0. dilobum Dogiel in the 
general form of the body and in possessing two caudal lobes, 
but it is smaller, has fewer vacuoles, and the caudal lobes are 
relatively larger. The ventral lobe is not scoop-shaped in 
0. dilobum. 

Habitat. — Stomach otBos ivdicus Linn. : Madras, Coonoor ; 
Ceyloit, Colombo. 

235. Ostraeodinium mysorei Kofoid & Christenson. (PI. XI, 
fig. 15.) 

■^Ostraeodinium mysorei, Kofoid & Christenson, 1934, pp. 372-5, 
pi. xxviii, fig. 23 ; fig. G, 5, 6, 9-12. 

Body short and relatively stout, length 1-16-1-60 times the 
dorso- ventral diameter, strongly compressed laterally. Ventral 
and left surfaces slightly convex, right and dorsal surfaces 
more strongly convex. Dorsal membraneUe zone at nearly the 
same transverse level as the adoral zone, and separated from 
it by the rounded operculum. One ventral caudal lobe of 
variable size, usually small. Posterior end of the body 
dorsal to the anus, smoothly rounded. A broad skeletal plate, 
consisting of about 20 to 30 longitudinal rows of polygonal 
prisms, lies underneath the right surface of the body, is wider 
in its anterior third, and extends backwards to the posterior 
end of the maoronucleus. Mouth tilted ventrally and to the 
left. (Esophagus conspicuously fibrillated, the fibrils termia 
ating at the posterior end of the endoplasmic sack. The 
endoplasmic sack forms a conspicuous diverticulum extending 
to the postero-dorsal surface of the body. Rectum con- 
spicuous but undifferentiated, opening by a broad slit anus 
on the dorsal side of the base of the caudal lobe. Contractile 
vacuoles two, subequal, along the left edge of the macronucleus, 
one slightly anterior and the other slightly posterior to the level 

z2 
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of the macronucleus. Macronucleus is a straight rod-hke 
structure along the dorsal mid-line, gradually widening in 
anterior third. Micsronucleus is small, subspherical, contaiaed 
in a slight concavity on the left dorsal edge of the middle of 
the macronucleus. 

Dimensions. — ^Length 42-53 fi ; breadth 26-30 fi. 

Feeds on plant debris. 

Bemarks. — ^The species is closely related to 0. gawri, except 
that it possesses a single ventral lobe. 

Edbitcct. — Stomach of Bos gaums H. Smith : Mulehole, 
Mysore. 

236. Ostraeodinium quadrivesieulatum Kofoid & MacLennan. 
(PL Vni, fig. 19.) 

■^Oglraoodmivm, gucidrivMiciuJMu,m, Kofoid & MacLennan, 1932, 
pLvii, fig. 19; fig. J, 7, 8. 

Body triangular in side view, length l*96-2'24 times the 
dorso-ventral diameter, only slightly compressed laterally. 
Ventral surface flat or slightly convex, dorsal surface strongly 
■convex. Left surface only shghtly convex, right surface 
strongly so. Posterior end smoothly rounded. Oral area 
relatively large, not inclined ventrally, but inclined to the 
left. Dorsal membranelle zone relatively large. Operculum 
prominent and extending anteriorly considerably beyond the 
adoral lips. Broad skeletal plate extends laterally from the 
right surface of the macronucleus to the ventral surface, and 
posteriorly to the posterior quarter of the body. (Esophageal 
fibrils extending to the posterior end of the body. Rectum 
narrow, cylindrical, opening by an elliptical anus in the 
posterior end of the body, near the ventral surface. Four 
contractile vacuoles along the left dorsal surface of the macro- 
nucleus, one pair anterior to the micronuoleus, the other near 
the posterior end of the macronucleus. Macronucleus 
elongate, rod-like, beneath the right dorsal surface, with a 
small shallow depression in the middle of its dorsal surface, 
in which Mes the small ellipsoidal micronucleus. 

Dimensions. — ^Length 92-112 /i. 

Feeds on large bits of plant d6bris. 

HcMlai. — Stomach oiBos indicus Limi. : Madeas, Coonoor ; 
'Ceylon, Colombo. 

.237. Ostraeodinium nigoloricatum Elofoid & MacLennan. 
(PL Vni, fig. 20.) 

fOstmcocZtniumrugroZoricatom, Kofoid & MacLennan, 1932, pp. 137-9, 
pL vii, fig. 20; figs. I, 1. J, 11, 12. 

Body rectangular in lateral view, length 1'78-2*16 times the 
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dorso-ventral diameter ; ellipsoidal in dorsal view, with both, 
ends blxmtiy rounded. Ventral surface flat or slightly concave 
in the anterior three-quarters, convex in posterior quarter. 
Dorsal surface flat or slightly concave in the anterior half, 
strongly convex in the posterior half. Left surface flat, 
right convex. A wide flattened ventral lobe on the ventral 
third of the posterior end of the body. Oral area somewhat 
smaller than in 0. gracile (Dog.), inclined ventraUy and to th& 
left. Dorsal membranelle zone relatively small. Operculum 
relatively large. Broad skeletal plate extends lateraUy from 
the macronucleus to the ventral side of the body, its dorsal 
edge folds inward near the macronucleus and extends toward 
the middle of the body. Heavy oesophageal fibrils pass from 
the anterior end of the endoplasmic sack to its posterior end. 
Rectum wide, strongly compressed dorso-ventrally, opening 
to the exterior by the thin slit-like anus. Three contractile 
vacuoles lie along the left dorsal edge of the macronucleus, 
one at the level of the anterior edge of the macronucleus, second 
just behind the mioronucleus, and the third near the posterior 
end of the macronucleus. Macronucleus straight, narrow, 
rod-like, under the right dorsal edge of the body, with a deep 
depression in the middle of its left dorsal side, in which the 
small, ellipsoidal micronucleus lies. 

Dimensions. — ^Length 84-125 /x. 

Feeds on small bits of plant debris. 

Bemarks. — ^The exceptionally large intumed skeletal plate, 
the ventral lobe, dorso-ventrally compressed rectum and 
sht-like anus separate this species from the other species of 
the genus. 

Habitat. — Stomach of Bos irtdicus Linn. : Madbas, Coonoor ; 
GsmjOTS, Ckjlombo. 



238. Ostracodinium trivesieulatum Kofoid & MacLennan. 
(PL VIII, fig 22.) 

^Oatracodinium trivesicndatam, £ofoid & HacLennan, 1932, pi. vii, 
fig. 22, fig. J, 3, 4; Kofoid & Ohristenson, 1934, p. 377, pi. sxviii, 
fig. 24; fig. G, 3,4. 

Body triangular in lateral view, length 1-67— 2*34 times 
the dorso-ventral diameter, sUghtly compressed laterally. 
Ventral and left surfaces nearly flat, dorsal and right surfaces 
strongly convex. Posterior end smoothly rounded. Oral area 
relatively large, inclined ventrally, but not inclined to the left 
or right. Dorsal membranelle zone somewhat smaller than 
in 0. gracile. Operculum fairly prominent. Broad skeletal 
plate extends laterally from the macronucleus to the ventral 
surface. GEsophageal fibrils extend to the posterior end of 
body. Rectum a narrow cylinder, opening by a small circular 
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anus in the ventral part of posterior end. Three contractile 
vacuoles, one just anterior to the micronuoleus, one just 
pqsterior to it, and one at the level of the posterior end of the 
macronucleus. Macronueleus long, rod-like, lying along the 
light dorsal surface, with a small, shallow depression in the 
middle of the left side and occasionally in the posterior end ; 
it is curved parallel to the curvature of the right side. Micro- 
nucleus small, ellipsoidal, lying in a small depression in the 
middle of the dorsal surface of the macronucleus. 

Dimensions. — ^Length 78-100 fi. 

Feeds on large bits of plant debris. 

Remarks. — Specimens from Bos gaurus were shorter and 
relatively stouter than those from B. indicus. They measure 
72-91 ju and the length is l'7O-2-02 times the dorso- ventral 
diameter. 

Habitat. — Stomach oiBos indiciis Linn. : Madras, Coonoor ; 
Ceylon, Colombo ; stomach of Bos gaurus H. Smith : 
Mulehole, Mysore. 



239. Ostracodinium venustum Kofoid & MacLennan. (PI. 
Vin, fig. 21.) 

fOstroBoiMniwm venustum, Kofoid & MacLeimaii, 1932, pp. 134-5, 
pi. vii, fig. 21 ; fig. J, 5, 6. 

Body triangolar in side view, length 1 •76-2-06 times the 
dorso-ventral diameter, laterally compressed, ellipsoidal in 
dorsal view. Ventral surface nearly plane, dorsal surface 
convex, lateral surfaces convex. A small caudal lobe projects 
from the postero- ventral end of the body to the left of the 
middle line. Oral area inclined ventrally and to the left. 
Dorsal membranelle zone well developed. Operculum small. 
Broad skeletal plate beneath the right surface, extending 
laterally between the macronucleus and the ventral side, and 
posteriorly up to the posterior quarter of the body. CEso- 
phageal fibrils extending to and terminating at the posterior 
end of the endoplasmic sack. Small, tubular rectum lies 
along the mid-line in the postero-ventral end of the body, and 
opens by a circular anus just dorsal to the ventral lobe. Two 
contractile vacuoles lie dorsally and to the left of the macro- 
nucleus, one behind each of its dorsal lobes. Macronucleus 
elongate, beneath the dorsal surface slightly to the right of 
the middle line, with two dorsal lobes, one at the anterior 
end and one just behind the middle. Macronucleus on the 
dorsal side of the macronucleus just in front of the median 
lobe. 

Dimeiisions. — ^Length 76-115 li. 

Feeds on large bits of plant debris. 
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Remarks. — ^This species is similar to 0. gracih in shape, size, 
number of vacuoles, and shape of macronucleus, but differs 
in possessing a small ventral lobe. 

Hdbiiat. — Stomach of Bos i-ndicus Linn. : Madeas, Coonoor ; 
Ceylon, Colombo. 



Genus EPIDINIUM Crawley, 1923. 

Epidlnlum, Crawley, 1923, pp. 394, 401; part, Dogiel, 1927, 
pp. 156-81, figs. 90-9; Wenyon, 1926, p. 1313; Reiehenow, 
1959, p. 1200; Kofoid & MacLennan, 1932, p. 61; 1933, 
pp. 1-17 ; Calkins, 1933, p. 315 ; Kofoid & Christenson, 1934, 
pp. 365-7 ; Das-Gupta, 1935, pp. 169-70. 

Ophryoscolecidse with body elongate and twisted aromid 
the main axis. Dorsal membranelle zone behind the anterior 
end of the body. Mam skeletal complex composed of three 
plates. Macronucleus a straight, elongate body. Two con- 
tractile vacuoles present. 

Remarks. — The morphology of this genus is more accmrately 
known than that of the other genera in the family. Korentini 
(1889) described Diplodinium ecavdatum, D. cavdatum, and 
D. cattanei. Eberlein (1895) described another species under 
the name of D. cavdatum which was renamed D. eberleim by 
da Cunha (1914). Sharp (1914) redescribed two of Fiorentini's 
species and three new ones, but considered them all as forms 
of JD. ecatidatum. This group is marked off from the rest of tljie 
species of Diplodinmm by the shape of the body, size and 
position of the membranelle zones, and the ntmiber of skeletal 
plates. In these respects the group shows closer resemblance 
to OphryoscdUx than to DiploiMnmm, and this resemblance 
led da Cunha (1914), Awerinzew & Mutafowa (1914), and Dogiel 
(1925 6) to place it in the genus Ophryoscolex. Oawley (1923) 
showed that the group belonged to neither of these two genera, 
and erected a new genus Epidiniv/m, for it. 

Key to Indian Species. 

1 (14). Body elongate 2. 

2 (13). Body tapering posteriorly 3. 

3 (4). Smoothly rounded posteriorly, with- [p. 344. 

out caudal spine E. ecauAatum (Fior.), 

4 (5). Single ventral caudal spine E. caudatum (Fior.), 

5 (4). With more than one caudal spine. ... 6. [p. 346. 

6 (7). Without lateral spines 7. 

7. With a large ventral spine and a Cp. 347. 

smiaUer dorsal spine E. hicaudtUum (Sharp), 

8 (6). With one or more lateral spines 9. 

9 (10). With a large ventral spine, a dorsal [p. 347. 

spine, and a right lateral sfpine E. tncaMdaVum (Sharp), 

10 (9). With a large ventral spine, a dorsal 

spine, and two or more lateral srpines 11. [(Sharp), p. 348. 

1 1 (12). With two right lateral spines E. ^MdricaiidaSium 
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12 (11). With two right lateral and one left [& Mut.), p. 349. 

lateral spines E. paroioaudatwm (Aw. 

13 (2). Body with a relatively blunt posterior 

end, with blunt caudal lobes, and 

with an accessory skeletal plate ia [p. 351. 

the single long ventral spine E. eberUini (da Cunha), 

14 (1). Body relatively short and truncate 

posteriorly, five long straight caudal [p. 350. 

spines E. cattanei (Fior.), 

" EcArrDATTTM: " Geoup. — ^The six species constitutiag this 
group were first assembled by Sharp (1914) as forms belonging 
to a single species, Diploddmum ecaudatum. These forms are 
no-w regarded as distinct species. 

The group is characterized by a tapering of the posterior 
half of the body, which terminates in the small rounded pos- 
terior end. Speciation within this series is based upon the 
spination of lids small posterior end. There is a complete 
series of species ranging from E. eccmdatum with no spine to 
U. paroica/udaiwm with five small conical spines. E. caudatum 
has a single large ventral spine. E. bicavdatwm has a smaller 
dorsal spine in addition to the ventral spine. A right lateral 
spine is added in E. tricaudatum. E. qvairica'udaium has both 
a right and a left lateral spine in addition to the dorsal and 
ventral spines. E. pirvicaudatum, has two right lateral spines, 
making a total of five spines. 

240. Epidinium ecaudatum (Ficrentini). (Fig. 164.) 

Diplodinium, ecaudatum, fiorentini, 1889, pp. 16—16, pi. iii, 

figs. 1, 2. 
Diplodinium caudatttm, Bbeilein, 1895, pp. 263-4, fig. 19. 
Diplodinium eoaudatum forms ecaitdatwm. Sharp, 1914, pp. 62-90, 

figs. A-D ; pis. iii, vi, vii. 
OphryoscoUas inennis, da Cunha, 1014, pp. 58, 60-61. 
Ophiyoscokx lainatus, Aweriozew & Mutafowa, 1914, pp. 114-1.% 

fig. 6. 
Epidinium ecaudatum, Crawley, 1923. 
■^DijAodimum ecaudatum, Jameson, 1925, p. 408. 
Epidinium), eea/udatum forma ecaudatum, Dogiel, 1927, pp. 169-61, 

fig. 90 ; 1932, p. 97. 
■\Ep{diniimi ecaudatum, Das-Gupta, 1935, p. 170. 

Body relatively long, length 2-3-2-9 times the dorso-ventral 
diameter, tapering and smoothly rounded posteriorly. 

Dimensions. — ^Length 90-162 /x. 

RemmrTca. — ^In the stomach contents of the mouse-deer 
from Ceylon, examined by Pringle Jameson, the species was 
present in five of the forms described by Sharp (1914) — 
&xi/udaium, cavdabwm, bicavdatwm, truxmdatfu/m, and quadri- 
Cfmdabwm. Of these the first three were more abundant. The 
forms were not quite typical. They were built much more 
squarely, especially at the posterior end, and the spines, where 



sexDXSxuM. 



345 



present, were much shorter and more acutely pointed, more- 
compressed and more fragile, more thom-like than spine- 
like, than are usually found in similar varieties from European 
Ruminants. The forms included under jE". ecavdatum are 



Mccjii 



Mi£. 



c.y. - 




Fig. 164. — Epidinium ecavdatum (Fiorentini). A, anal canal ; C.V., 
one of the two contractile vacuoles ; M, motorium -with 
fibre to circunxpharyngeal ring ; Mac., macronucleus ; 
iiic., micronucleus ; S, skeletal layer. (After Sharp.) 

now regarded as distinct species, and E. ecavdatum is the 
simplest member of the " Ecavdaium " group. 

Habifca. — Stomach of Tragidns meminna Milne-Edwards 
(mouse-deer) : Ceylon ; rumen of Capra Mrcus Linn. : 
Bengal, Calcutta. 
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241. Epidinium eaudatum (Fiorentiai). (PL IX, fig. 1.) 

Diplodinium cavdatum, Fiorentini, 1889, p. 24, pi. iii, fig. 3. 
Diplodmium ecandaium, forma caudatum. Sharp, 1914, pp. 90^1, 

pi. V, fig. 6. 
Ophryoscolex inernvia var. caudatus, da Cunha, 1914, p. 113,flg. 40. 
Ophryoscolex intermimtm, Awermzew& Mutafowa, 1914, pp. 112- 

13,flg.3. 
Epidimum cavdaium, Crawley, 1923, p. 412, pi. sadx, figs. D 4r-D 6, 
Diplodinium eeaudcetum forma catidatum, Buisson, 1923 b, pp. 113- 

17, fig. 39. 
Ophryoscolex eeaudaiua foima cattdaiua, Dogiel, 1925 a, pp. 137, 141 ; 

1925 d, pp. 57-59 ; Dogiel & Fedorowa, 1925, p. 102, fig. 6. 
^Diplodinium cavdatum, JameBon, 1925, p. 408. 
DipMiniwn ecmidoBbum, Wenyon, 1926, p. 1214, fig. 520. 
Epidinivm mmdatwn forma couiiatom, Dogie], 1927, pp. 161-3, 

fig. 91a-c; 1932, pp. 97-8. 
DipladAmulm ecaudatom fonua cmidalnumi, Becker & Talbot, 1927, 

pp. 364r-5, pi. iii, fig. 25. 
Eipidmiuw, caudatum, Dogiel, 1927, p. 269. 
^Epidmiwm oaudatmn, Kofoid & MacLennan, 1933, pp. 5-7, pi. i, 

fig. 1 ; fig. A, 1, 2 ; Kofoid & Christenson, 1934. p. 365, pi. xxvii, 

fig. 15, f^. D, 3, 4 ; Das-Gupta, 1935, p. 170. 

Body elongate, length 2-04-2-86 times the dorso-ventral 
diameter, tapering towards the posterior end. Ventral and 
left surfaces flat or slightly concave, dorsal and right surfaces 
strongly convex. Oral area inclined ventrally and to the left. 
Single caudal spine arises from the postero- ventral end of the 
body and curves dorsally and to the right. Cuticle with fine 
longitudinal striations. Three skeletal plates extend from the 
operculum and the right side of the oral axea posteriorly 
past the middle of the body. Endoplasmic sack extends 
from the level of the dorsal membranelle zone to the posterior 
end of the body. Rectum narrow, lined by fine longitudinal 
fibrils, with a narrow, elliptical anus. Two contractile 
vacuoles beneath the dorsal surface to the right of the dorsal 
middle line. Maeronucleus elongate, lying beneath the right 
dorsal surface adjacent to the edge of the dorsal skeletal plate. 
Micronucleus a small ellipsoidal body lying in a depression 
in the maeronucleus. 

Dimmsiom. — ^Length 85-140 /*. 

Feeds on Bacteria and small Flagellates. 

Remarks. — Specimens from B. gawrus are smaller (80-118 ft) 
than the specimens from B. iTulkua (85-140 p). 

Habitat. — Stomach oiBos indicus Linn. : Cetlon, Colombo ; 
stomach oi Bos gaums H. Smith : Mulehole, Mysore ; stoma,ch 
of Traguhs meminna Mihie-Edwards ; CBYLOiir; rumen of 
Copra hircvs Linn. : Bengal, Calcutta. 
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242. EpidiBium bieaudatum (Sharp). (PL IX, fig. 4.) 

Diplodinimn ecaudatum forma bieaudatum. Sharp, 1914, p. 92, pi. v, 

fig. 7. 
Bpidinium bicatubUum, Crawley, 1923 p. 412. 
•\Diplodimum bieaudatum, Jameson, 1925, p. 408. 
Bpidinium ecaudatum forma bieaudatum, I>ogieI, 1927, pp. 166-7, 
figs. 94, 95 c. 
■\Epidinium bieaudatum, Kofoid & MaoLennan, 1933, pp. 7-8, pi. i, 
fig. 4; fig. A, 3,4. 

Body elongate, length 2-10-2-88 times the dorso-ventral 
diameter, tapering towards the posterior end. Ventral and 
left surfaces concave, dorsal and right surfaces strongly 
convex. Oral area inclined ventraUy and to the left. 
A large ventral caudal spine arises from the postero-ventral 
end of the body and curves dorsally and to the right, and a 
small dorsal spine arises from the postero-dorsal end of the 
body and curves ventrally. Cuticle with fine longitudinal 
striations. Three skeletal plates extend from the operculum 
and the right side of the oral area posteriorly past the middle 
of the body. Endoplasmic sack extends from the level 
of the dorsal membranelle zone to the posterior end of the body. 
Rectum narrow, lined by fine longitudinal fibrils, with a 
narrow eUiptical anus. Two contractile vacuoles beneath 
the dorsal surface slightly to the right of the middle line. 
Macronucleus elongate, lying beneath the right dorsal stirface 
adjacent to the edge of the dorsal skeletal plate, somewhat 
longer and narrower than in the preceding species. Moro- 
nucleus a small ellipsoidal body lying in a depression in the 
macronucleus. 

Dianensicms. — ^Length 82-144 jx. 

Feeds on Bacteria and small Flagellates. 

Habitat. — Stomach oiBos indicus Linn. : Cexion, Colombo ; 
stomach of Tragulvs iTieminna Milne-Edwards ; Ceylon. 



243. Bpidinium trieaudatum (Sharp). (PI. IX, fig. 2.) 

Diplodinium ecaudatum forma trieaudatum. Sharp, 1914, p. 92, pi. v, 

fig. 8 ; BiiiBson, 1923 6, p. 117, fig. 29 ; Becker & Talbot, 1937, 

p. 355, fig. 25 a. 
Epidinium truxsudatum, Crawley, 1923, p. 412. 
^Diplodinium trieaudatum, Jameson, 1925, p. 408. 
OphryoacoUie eeaudatua forma tricaudatus, Uogiel, 1926 a, p. 253. 
Epidimium ecaudatum forma trioatcdatum, Dogiel, 1927, pp. 167—8, 

fig. 95, a, b. 
■\Epidinium trieaudatum, Kofoid & MaeLennon, 1933, pp. 8-10, pi. i, 

fig. 2 ; fig. B, 1, 2. 

Body elongate, length 2*02-2-50 times the dorso-ventral 
diameter, tapering towards the posterior end. Ventral and 
left surfaces fiat or slightly concave, dorsal and right surfaces 
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convex. Oral area inclined ventraliy and to the left. There 
are three spines ; the largest of the three is ventral, arises 
from the postero- ventral end of the body, and curves dorsally 
and to the right ; there is a small dorsal spine and a small 
right lateral spine. The dorsal and lateral spines vary from 
small points to large spines only slightly smaller than the 
ventral spine. Cuticle with fine longitudinal striations. Three 
skeletal plates extend from the edge of the oral area posteriorly 
to the level of the posterior end of the maoronucleus. Endo- 
plasmic sack extends from the level of the dorsal membraneUe 
zone to the posterior end of the body. Rectum narrow, lined 
with fine longitudinal fibrils, with a narrow eUiptioal anus. 
Two contractile vacuoles beneath the dorsal surface at the 
right of the mid-hne. Macronucleus elongate, lying beneath 
the right dorsal surface adjacent to the edge of the dorsal 
skeletal plate. Mcronucleus a small ellipsoidal body lying 
in a shallow depression in the macronucleus. 

Dimensions. — ^Length 85-131 yn. 

Feeds on Bacteria and small Flagellates. 

Habitat. — Stomach of 5os inddcus Lhm. : Ceylon, Colombo; 
stomach of Tragvivs meminna Milne-Edwards : Ceylon. 



244. Epidlnium quadricaudatam (Sharp). (PL IX, fig. 3.) 

Diplodinimn ecaudatumtoiniBi, quaArioavdatmn, Sharp, 1914, pp. 93- 

4, ]pl. V, fig. 9 ; Buisson, 1923 6, p. 117, fig. 39. 
Epidmium quadricaudatum, Crawley, 1923, p. 412. 
i'Diplodimium qiiadriccmdatum, Jameson, 1926, p. 408. 
Ophryoscolexecaiidatuatoiiiiagruach-icaudatus, Dogiel, 1926a, p. 2S4. 
Spidiinium ecaudatutntonas. quadHocmdatum, Dogiel, 1927, pp. 168- 

9, fig. 96 a, 6. 
■\Bpidinium guadricattdatum, Kofoid & MaoLennan, 1933, pp. 10-11, 

pi. i, fig. 3 ; fig. B, 3, 4 ; Kofoid & Christenson, 1934, p. 366, 

pi. xrvii, fig. 16; :^. D, 5, 6. 

Body elongate, length 2-27-2-32 times the dorso-ventral 
diameter, tapering posteriorly. Ventral and left s^uface8 
strongly concave, dorsal and right surfaces convex. Oral area 
inclined ventraUy and to the lefb. There are four spines ; 
the ventral spine is the longest, arises from the postero- ventral 
end of the body, and curves dorsally and to the right ; there 
are two right lateral spines ia place of the single lateral in the 
preceding species, and a small dorsal spine. The two lateral 
spines are shortest and nearly equal, and the dorsal spine is 
slightly larger than the lateral spines. Cuticle wi^ fine 
longitudinal striations. The three skeletal plates lie beneath 
the right and veatral sides, and extend fromthe edge of the 
oral area posteriorly to the level of tihe posterior end of the 
macronucleus. Endoplasmic sack extends fi^om the level of 
the dorsal membranelle zone to the posterior end of the body. 
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Reotum narrow, with fine longitudinal fibrils, with the anus 
lying between the bases of tibie ventral and lateral spines. 
Two contractile vacuoles beneath the dorsal surface at the 
right of the middle line. Macronucleus elongate, lying 
beneath the right dorsal surface, adjacent to the dorsal skeletal 
plate. Micronucleus a smaU ellipsoidal body in a shallow 
depression in the macronucleus. 

Dimensions. — Length 110-119 fj.. 

Feeds on Bacteria and small Flagellates. 

Remarks. — ^The single specimen from Bos gaums was dis- 
tinctly smaller (88 n in length) than specimens from B. ivdicus. 

Habitat. — Stomach of Bos iniicus lobtm. : Ceylon, Colombo ; 
stomach of Bos gaurus H. Smith : Mulehole, Mysore ; stomach 
of Tragulus meminna Milne- Edwards : Ceylon. 



245. Epidinium parvieaadatum (Awerinzew & Mutafowa). 
(PI. XI. fig. 10.) 

Diplodinium ecaitdatum forma caOanei, Shaxp, 1914, pp. 94-5, pi. iii, 

figs. 4, 5. 
Ophryoscolex fasciculus vax. parvicaudata, Awerinzew & Mutafowa, 

1914, pp. 113-14, pi. iv, fig. 5. 
Epidinium ecaitdatum forma cattenoi, Dogiel, 1927, pp. 169-71, 

fig. 97. 
Diplodinium eccmdatum forma catteneoi, Becker & Talbot, 1927, 

p. 355. 
Epidinium ecaudatum forma oaitenoi, Dogiel, 1932, p. 97. 
Epidinium, parvicatidatum, Kofoid & MacLennao, 1933, p. II. 
■fEpidinium parvicaudatum, Kofoid & Cbristenson, 1934, pp. 365—7, 

pl. xsmi, fig. 17 : fig. D, 7, 8. 

Body relatively long, 2'4-2*8 dorso-ventral diameters in 
length, almost circular in cross-section, tapering posteriorly. 
Ventral and left surfaces nearly plane or only slightly convex ; 
dorsal and right surfaces show greater convexity. Five caudal 
spines present — one large ventral with its extremity cxirved 
dorsally, one dorsal, one on the left side, and two on the right 
side. Fine longitudinal striations over the cuticle. Three 
skeletal plates lie underneath the right surface of the body 
and extend up to the posterior fourth of the body. Oral 
apparatus moderate sized, tilted ventrally and to the left. 
C^rcxdum wide, smoothly rounded, separating adoral from 
the dorsal membranelle zones. The dorsal zone is set back 
on the dorsal surface about one-fifth of the body-length from 
the anterior end. Contractile vacuoles two, on the dorsal 
surface to the left of the macronucleus. Macronucleus 
elongated, rod-like, lies next to the right dorsal surface, 
adjacent to the dorsal edge of the skeletal complex. Micro- 
nucelus small, eUipsoidal, in a slight concavity in the mid- 
dorsal edge of the macronucleus. 
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Dimensians. — ^Length 70-120 ft ; breadth 37-47 jm. 

Feeds on Bacteiia and small Flagellates. 

Bemarks. — Shairp (1914) identified his five-spined species as 
Diphdinium catlanei Fiorentim, 1889, but at the same time 
pointed out serious discrepancies between his description and 
that of Fiorentini. Awerinzew and Mutafowa (1914) and 
Dogiel (1927) have separated them. Awerinzew and Mutafowa 
gave the short-spined tjrpe the forma name parmcaudata, so 
the name E. cattanei (Morentini) clearly belongs to the long- 
spined species. 

Habitat. — Stomach of Bos gaums H. Smith : Mulehole, 
Mysore. 

Unallooatbd Spbcibs. — ^Three species of Spidinium — 
W. gigas, E. cattanei, and E. aberUvni — do not fit in with the 
E. eca/udaium group or the E. hamatum group (not known 
from India so far). E. gigas has so far not been met with in 
Indian material. E. aOtanei is recognizable by the truncated 
posterior end and by very long peculiarly shaped spines, and 
E. eberleini by the presence of an accessory ^eletal plate in 
the main caudal spine and by the presence of two lateral 
lobes. 



246. Epidinium cattanei (Fiorentini). (PL IX, fig. 7.) 

Diplodinium caitcmei, Fioreatiui, 1889, pp'. 16-17, pi. iji, figs. 4, 5. 
Ophryoseolex cattanei, Bailliet, 1890. 
Ophryoacolex oattaneoi, da Cimha, 1914 pp. 62, 63. 
Ophryoscoleai faaaiauhis, part, Awerinzew & Mutafowa, 1914, 

pp. 112-14, fig. 4. 
Diplodiniwn ecavdatum-vaT. oalkmei, Buisson, 1923 6, pp. 118-19. 

fig. 42. 
Diplodmium eoaudatmn foima cattanei, part, Becker & Talbot, 

1927, p. 355. 
Spidmvum cattanei, Crawley, 1923, p. 412. 
Ophryoseolex ecatictatus cattaneoi, Dogiel, 1926 o, p. 254. 
Epidinvwn ecaudatum forma fasciciiius, Dogiel, 1927, pp. 171-3. 

fig. 98. 
Epidimtiim aaiidaium forma /(MctcuiJus, Dogiel, 1927, p. 171. 
fBpidmiv«n cattanei, Kofoid & MaeLerman, 1933, pp. 13-15. pi. i. 

flg.7;fig.C. 1,2. "" "^ 

■fSpidinium cattenoi, Das-G-upta, 1935, p. 170. 

Body relatively short and heavy, length 1 •63-2-38 times the 
dorso-ventral diameter, truncated postenorly. Ventral surface 
slightly concave ; left and dorsal surfaces concave between 
the dorsal membranelle zone and the base of the left spine ; 
the right surface is convex. Oral area is inclined ventrally 
and to the left. There are five long, straight, caudal spines, 
which are the largest and most prominent spines found in 
any of the Ophryoscolecidae. Each spine arises from a 
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relatively broad base, but tapers rapidly in the proximal 
third, so that the distal two-thirds are relatively thin. The 
largest spine projects from the ventral side of the posterior 
end of the body, two spmes from the dorsal side, and one from 
each side between the ventral and dorsal spines. Cuticle 
■with fine longitudinal striations. The three skeletal plates 
extend aroimd the oral area from the operculum to the ventral 
sides, gradually narrowing posteriorly. The dorsal plate is 
usually shorter than the other two and often ends near the 
level of the anterior contractile vacuole, the middle and ventral 
plates terminating posteriorly a short distance behind the 
middle of the body. Endoplasmic sack extends from the 
level of the dorsal membranelle zone to the posterior end of the 
body. Rectum small, narrow, with a narrow elUptical anus 
near the dorsal side of the base of the ventral spine. Two 
contractile vacuoles beneath the dorsal surface, the large 
anterior located at the right of the middle Une, the smaller 
posterior located very near it. Macronucleus elongate, 
Ijing beneath the right dorsal surface adjacent to the edge 
of the dorsal skeletal plate. Micronucleus a small ellip- 
soidal body lying in a shallow depression of the macronucleus. 

Dimensions. — ^Length 78-120 yx. 

Feeds on Bacteria and small Flagellates. 

Remarks. — ^The relatively short truncated body and the 
peculiar shape of the very long spines separate this species 
from the other species of the genus. 

Habitat. -r-^toxa&ok of Bos iniicus Linn. : ]VIadra.s, Coonoor ; 
Ceylon, Colombo ; rumen of Cajpra hircus Linn. : BEifGAL, 
Calcutta. 



247. Epidinium eberleini (da Cunha). (PI. IX, fig. 5.) 

Dtplodinium caudatum, Eberlein, 1895, pp. 260-1, fig. 16. 
Diplodinium eberleini, da Cunha, 1914, p. 62 ; Shaip, 1914, pp. 61, 

61 ; Buisson, 1923 &, pp. 118-20, %. 36. 
Diplodinium, Ungispinum, Sohuize, 1924, p. 656. 
Diplodinium fberUini, Dogiel, 1927, p. 156, fig. 89 ; Becker & 

Talbot, 1927, p. 35o. 
Epidinium lobatum, Dogiel, 19286, pp. 334-7, fig. 5, a, b. 
\Epidinium eberleini, Kofoid & MaoLennan, 1933, pp. 16-17, pi. i, 

fig. 15; fig. D, 1,2. 

Body elongate, length l'82-2-32 times the dorso-ventral 
diameter, with a relatively blunt posterior end. Ventral and 
left surfaces nearly plane, right surface strongly convex, 
anterior half of dorsal surface convex, posterior half concave 
or plane. Oral area inclined ventrally and to the left. Right 
side of the body continued posteriorly as a broad laterally 
flattened lobe ; a narrower heavier lobe projecting from the 
posterior end of the left surface. A la,rge curved spine arises 
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from the posterior end and a long, thin, accessory skeletal 
plate extends from the middle of the ventral surface to the 
tip of the large spine. Endoplasmic sack extends from the 
level of the dorsal membranelle zone to the posterior end of the 
body. Rectum narrow, with the anus opening at the base 
of the ventral spine between the two lateral lobes. Two 
contractile vacuoles lie beneath the dorsal surface, the anterior 
at the right of the mid-line, the posterior on the mid-line. 
Macronucleus elongated, lying adjacent to the dorsal edge 
of the main skeletal complex. Mieronucleus a small eUipsoid 
body lying in a shallow depression of the macronucleus. 

Dimensions. — ^Length 85-118 /j,. 

Feeds on Bacteria and small Flagellates. 

SemarJcs. — ^This species is marked off from other species 
of the genus by the appearance of its caudal lobes and by the 
presence of the accessory skeletal plate in the ventral spine. 

Hdbitat. — Stomach of Bos indicvs Linn. : Madbas, Coonoor ; 
Ceylon, Colombo. 



Genus OPHRYOSCOLEX Stein, 1858. 

Ophryoscolex, Stein, 1858, ]p. 69 ; 1859 a, pp. 57-8. 
Diplodinium, part, Fiorentmi, 1889, pp. 11—12, pi. i, figs. 1-2. 
Ophryoeaolex, Eberlein, 1896, pp. 239-51, pi. xvi, flgs. 1-7 ; Buisson, 

1923 a, p. 237. 
Ophryoscolea, part, Dogiel, 1925 a, pp. 134-5 ; 1927, pp. 183-211, 

figs. 103-17. 
OphryoseoUx, Wenyon, 1926, p. 1217 ; Becker & Talbot, 1927, 

pp. 358-9, pl.iii, figs. 26, 27 ; Beiohenow, 1929, p. 1201 ; Kofoid 

& MacLennau, 1932, p. 61 ; 1933, pp. 19-26. 

Ophryoscolecidse with dorsal membrajaelle zone situated 
about one-third the length of the body from the anterior pole, 
forming a girdle extending three-fourths the distance around 
the body and open only on right ventral side. Skeletal 
complex formed of three plates extending the length of the 
right ventral side. Nine to fifteen vacuoles ranged around 
the body in two transverse rows. 

Bemarks. — Oph/ryoscolex was first described by Stein (1858) 
as the type-genus of a new family. He gave a very good 
description, and described 0. purkynjei, a common species 
with a complex array of caudal spines, and 0. inermis, a rare 
species witii a smooth posterior end. Fiorentini (1889) 
redesoribed 0. purkynjei as Diphdimum vortex. Eberlein 
(1896) described 0. caudaiua. Dogiel (1927) described four 
new forms, which are considered as distinct species by Kofoid 
and MacLennan (1933). One new species, 0. spinosvs, has 
been described by the latter from Bos iniicua, thus bringiag the 
total number of species in the genus to nine. 
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The size and position of the membranelle zones are most 
important characteristics of the genus. The adoral zone is 
relatively small and inclined ventrally and to the left. The 
dorsal membranelle zone is elongated ajid shifted posteriorly, 
so that it forms a median girdle around three-quarters of the 
circumference of the body. The main skeletal complex is 
composed of three long skeletal plates lying beneath the 
right ventral side of the body. The three plates are shaped 
anteriorly as in Epidinium, and partly surround and support 
the oral region. The dorsal plate terminates in the middle 
of the body, as in that genus, but the right and the ventral 
plates continue posteriorly to the end of the body and even, 
extend into the main caudal spine. The secondary spines 
also contain accessory plates*. The detailed structure of the 
caudal complex is used in specific classification. The main 
spine may be long and slender or shortand stumpy, the secondary 
spines may be simple or complexly furcate, and there may be 
one to four circlets of these. The number of contractile 
vacuoles varies from nine to fifteen, depending on the species. 

Key to Indian Species. 

1 (2). Body relatively slender ; naain caudal 

spine short and stumpy, two rows of 
accessory caudal spines ; middle skele- 
tal plate extends to the tip of the main 

caudal spine ; contractile vacuoles ten, [AlacL., p. 353. 

in two rows O. spinosus Kof. & 

2 (1). Body relatively stout ; main caudal 

spine long and slender, three circlets of 
accessory caudal spines ; middle skele- 
tal plate does not extend to the tip of 

the main caudal spine ; contractile [p. 354. 

vacuoles nine, in two rows O. trieoronatus (Dogiel),. 

248. Ophiyoscolex spinosus Kofoid & MacLennan. (PI. IX, 
fig. 6.) 

■fOpkrifoacolex spinosus, Kofoid & MacLennan, 1933, pp. 23-3, pi. i, 
fig. 6; fig. C, 3, 4. 

Body relatively slender, length 1-59-2-14 times the dorso- 
ventral diameter. All surfaces are strongly convex except the 
middle of the ventral side, which is slightly concave, amd the 
anterior two-thirds of the left ventral side, which is nearly 
plane. Body divided into seven sectors by shallow longi- 
tudinal grooves, two of them being designated as the skeletal 
sector and the macronuclear sector owing to tlje organelles 
contained within them. Oral area inclined ventrally and to 
the left. The dorsal zone arises near the dorsal skeletal plate 
at the level of the anterior end of the maoronucleus, extends 
to the left and posteriorly, terminating near the ventral skeletal 

en.. 2 a 
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plate at the level of the mioronucleus. There are two caudal 
circlets of spines, anterior composed of simple or occasionally 
bifurcate spines, posterior composed of bifurcate or trifurcate 
spines. Maia caudal spine short, -with two small accessory 
spines on its dorsal side and one on its ventral side. Cuticle 
with fine longitudinal striations. The main skeletal complex 
composed of three adjacent plates, as in Epidinium, the anterior 
end surroundiag the oral area except on the left dorsal side. 
The dorsal plate extends from the operculum to the level of 
the micronueleus ; median plate from the right side of the 
oral area to the tip of the main caudal spine ; ventral plate 
from the ventral side of the oral area to the base of the main 
caudal spine. Small triangular accessory skeletal plates 
occur in most of the caudal' spines. Endoplasmic sack 
extends from a level just behind the oral area to the posterior 
end of the body. Rectum narrow, with the anus lying 
within the anterior oirolet of spines near the base of the main 
caudal spine. Ten contractile vacuoles, arranged in pairs 
in eaxjh sector of the body except the skeletal and macro- 
nuclear sectors. Macronucleus elongate, adjacent to the 
dorsal edge of the main skeletal complex. Mioronucleus a 
small ellipsoid body lying in a shallow depression of the 
macronucleus. 

DimensioTia. — ^Length 122-160 jii. 

feeds on Bacteria and small Flagellates. 

Memarks. — 0. spinosus is similar to O. purkynjei, but with 
two rows of spines instead of three as in that species. 

Hdbitai. — Stomach of Bos vndicus Linn. : Madras, Coonoor. 

249, Ophryoscolex Meoronatas (Dogiel). (Elg. 165). 

OpJaryoscoleoi eamdatua, Eberlein, 1895, pp. 247—50, pi. xvi, fig. 4 ; 

Guenliher, 19006, pp. 641-8, figs. 1-6 ; Buisson, 1923 6, pp. 129- 

fig. 48 ; Fantham, 1926, p. 668 ; Becker & Talbot, 1927, p. 268, 

fig. 26. 
OphryoscdUas camUxtius tnoirvetnis, Dogiel, 1927, p. 186. 
OphryosodUx caudatus fonna tricoroncaus, Dogiel, 1927, pp. 199-202, 

figs. 110, 111 ; Hsiung, 1931, p. 38. 
Oph/ryoacolex cavdaMts, Kofoid & MacLenrum, 1933, p. 26. 
^Oph/ryoecolex trinoronatMS, Das-Qupta, 1935, p. 172. 

Body relatively stout, length l*65-l-70 times the dorso- 
"ventral diameter, posterior end with a long, slender, main 
caudal spine and three circlets of secondaxy spines. The 
anterior circlet is composed of six usually trifuroate spines, 
middle circlet of three to five, and the posterior circlet of three 
to seven spines. Adoral zone relatively small and inclined 
ventraUy and to the left. Dorsal membraneUe zone elongated 
and shifted posteriorly, forming a girdle extending three-fourths 
the distance round the middle of the body, and incomplete 
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only on the right ventral side. Main skeletal complex of 
three plates, the dorsal one terminating in the middle of the 
body, the right and the ventral plates continuing to the 
posterior end of the body and even extending for a distance 
into the main caudal spine. There are nine contractile vacuoles 
arranged in two transverse bands round the body, one baoad of 
four vacuoles, just posterior to the median girdle of dorsal 
membranelles, and the other of five vacuoles at the base of the 
anterior circlet of secondary caudal spines. Macronucleus oval. 




Fig. 165. — OpJuryoscolea trieoronatua (Dogiel). (After Dogiel.) 

pointed at either end, lying dorsal to the skeletal plates on the 
right side. Micronucleus Ues in the middle of the outesr side of 
the macronucleus. 

Dimensions. — ^Length 137-162 [i, breadth 80-98 /t ; ratio of 
length to breadth 1-65. 

BemarJcs. — ^This is the commonest species of the genus, 
and by virtue of possessing three circlete of secondary spines 
stands between 0. bicoronatus and O. qtuidricorcmatiis. 

Habitat. — ^Rumen of Capra Tmcus Linn. : Bbnoal, Calcutta. 

2a2 
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Q&n&ral Remarks on Distribution ofCiliates in Buminants. 

Extensive studies by Dogiel (1931-32) and cross-faunation 
experiments by Becker, Schulz, and Emmerson (1930) have 
shown that there is very Uttle specificity in the relationship 
between these Ciliates and their hosts, though there is a certain 
amount of geographical segregation. Dobell (1910) stated 
that the stomach contents of the mouse-deer, Traguhs 
m&mmiTia, from Ceylon, contained many Ciliates belonging to 
the Ophryosoolecidse. Jameson (1926), who studied Dobell's 
material, described one new species, Entodiniwm ovalis, and 
noted the presence of several other species which he considered 
to be identical with the species from European cattle, although 
the forms examined showed striking differences from the 
European forms in such characters as spination, shape of 
the body, and number of vacuoles. According to Kofoid 
and MacLennan (1933) the majority of Ciliates from Bos 
indioua are found in other parts of the world, but a few are 
apparently found only in Asia. The Dvplodinium crista-galli 
group (D. Iseve, D. crista-galli, and D. flaiellum) have been 
found only in Persia and in India and Ceylon. Elytro- 
plastron hvhali is found in three different hosts (Buffekis 
bvbahis. Bos indAcus, and domestic sheep) all from Asia. 
Erdxxtmmm bimastus, on the other hand, has been found in 
three hosts (domestic cattle, Biiffdus bvbalvs, and Bos ivdicus) 
from Asia and European U.S.S.R. 

The striking differences found between the Ciliate fauna of 
Bos ivdicus from India and of the same host from Ceylon were 
that six species of Epidini/wm were found in the latter while 
only, two were noted in the former ; the single species of 
Ophryoscdkx, on the other hand, was only found in two hosts 
from India. 



2. Subfamily POLYDINIESTJE Kofoid, 1935. 

Ntimerous accessory membraneUe zones, extending over 
the considerably elongated body. These zones, instead of 
being dorsal, are divided bilaterally into two groups which still 
fall into a descending r^t spiral both individually and in 
pairs. Contractile vacuoles numerous, arranged in zones 
parallel to the membraneUe zones. One to three skeletal 
plates present. 

The two genera included in this subfamily exhibit a secondary 
bilateral symmetry superposed upon ^e primitive spiral 
one, and an extension of metamerism by the added membraneUe 
zones throughout the elongated body of these Ciliates. 
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Key to Indian G&n&ra. 

1 (2). Body very large, initially -with five 

additional membranelle zones ; three 

equal club-shaped skeletal plates, ex- 
tending nearly the whole length of the ^ [p. 357. 
~ body; maoronucleus stout, elub-shaped. PoLTmrNitlM Kofoid, 
•2 (1). Body very large, initially with six 

additional membranelle zones; skeletal 

plate single, sigmoid, confined to the 

anterior half of the body; macro- [Kofoid, p. 359. 

nucleus Z-shaped, with enlarged ends. ELBPHAsroPHiLTrs 



Genus POLYDINrUM Kofoid, 1935. 
Polydinium, Kofoid, 1935, pp. 502-4. 

Body oval, very large in size, -with a relatively feebly 
developed adoral zone and five additional membranelle zones 
in the young state. Posterior caudal lobe with accessory 
cilia. Three equal, club-shaped, skeletal plates extending 
nearly the whole length of the body. Contractile vacuoles 
twenty to thirty, distributed in irregular rows. Macro- 
nucleus stout, club-shaped, on the left side of the skeletal 
plates near the middle of the body. 

250. Polydinium mysoream Kofoid. (Fig. 166.) 

■\Polydmium myaoreum, Kofoid, 1935, pp. 502-4, figs. 1-3. 

Body oval, very laxge in size, anterior end truncated and 
broader than the posterior end. Caudal lobe with an accessory 
group of ciMa on its dorsal face and containing an irregular 
mass of stored material in a vacuole in the ectoplasm. Adoral 
spiral of membraneUes makes a siogle turn and is relatively 
feebly developed ; it leads directly into the weE-developed 
but narrow oesophagus, which is laterally compressed and 
continues posteriorly for two-thirds of the length of the body, 
opening there in the endoplasm. Rectum short and wide, 
operdng by a large oval anal opening situated in front of the 
posterior lobe. In addition to the adoral zone there are, to 
begin with, five additional membranelle zones, which increase 
to seven during early stages of growth, and ultimately to ten, 
prior to binary fission. These zones are divided bilaterally 
into two groups and run in a descending right spiral boiii 
individually and in pairs. There are three equal club-shaped, 
double-layered, skeletal plates running nearly the whole 
length of the body surrounding the oesophagus. These 
plates are crowned by the oesophageal neuromotor ring with 
deeply staining enlargements at the nodes (fig. 166, c). Con- 
tractye vacuoles twenty to thirty, distributed in irregular 
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rows posterior to each of the pairs of accessory membranelle 
zones. Macronucleus stout, club-shaped, lying on the left side 
of the skeletal plates near the middle of the body, with a micro- 
nucleus embedded in its ventral side. 

Dimensions. — ^Length 200-250 /*. 

Feeds on plant debris, Bacteria, and Flagellates. 

Habitat. — In the cseoum and colon of the Indian elephant, 
Ekphas indicm Cuvier : Madras, Nilgiri Mountains. 
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Kg. 166. — Polydmiwn myaoreum Kofoid. a, right view ; 5, cross- 
section, showiag (Bsophagus and. adoraJ membraaelle 
zone; c, oblique section through anterior ends of the 
skeletal plates, showing their bilaminate structure, 
circumcesophageal neural ring, and two dorsal and 
one ventral inteiskeletal nodes, aco.mem., accessory mem- 
branelle zone ; ad.mem., adoral membraneUes ; c(md.cU., 
caudal cilia ; cciMd.lobe, caudal lobe ; oavd.rmsa, caudal 
mass ; oomt.vao., contractile vacuole ; d.sk.pl., dorsad, 
skeletal plate ; ect., ectoplasm ; end,, endoplaam ; ir^ersk. 
node, interskeletal node of oesophageal neural ring ; Lsk.pl., 
left skeletal plate; maer., macronucleus; mier., micro- 
nucleus ; oes., cesophaguB ; r.slt.pl., right skeletal plate ; 
ect., rectum. (After Kofoid.) 
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Genus ELEPHANTOPHILUS Kofoid, 1935. 
ElephaniophUus, Kofoid, 1935, p. 504. 

Body oval, very large in size, with an adoral zone and six 
additional membranelle zones in the yomig state. Posterior 
caudal lobe with accessory cilia. Skeletal plate single, 
sigmoid, confined to the anterior half of the body. Contractile 
vacuoles numerous, distributed in irregular rows. Macro- 
nucleus Z-shaped, with enlarged ends. 



251. ElephantopMIus zeta Kofoid. (Fig. 167.) 

■^ElephantophUtis zeta, Kofoid, 1935, p. 504, figs. 4, 5. 

Body oval, very large in size, anterior end broadly truncated, 
posterior end narrower and smoothly rounded. Caudal lobe 
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Fig. 167.— ^JiZej7%a»top%tIus zeto Kofoid. a, right view ; 6, cross-seotion,. 
showing oesophagus with optical projection of adoral 
membranelle zone and maoromicleus. Lettering as in the 
previous figure. (After Kofoid.) 
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■with, an accjessory group of cilia on its dorsal face and con- 
taining an irregular mass of stored material in a vacuole in 
the ectoplasm. Adoral membranelle zone relatively feebly 
■developed. (Esophagus much wider and shorter than in 
PoVydinium and lacking the skeletal support. In addition 
to the adoral zone there axe six seriated accessory mem- 
branelle zones in the young stage, increasing to twelve prior 
to binary fission. These are arranged in bilateral pairs in 
a descending right spiral, and impart a secondary bilateral 
symmetry. Skeletal plates are reduced to a single one, 
composed of one linear row of prismatic chambers forming 
a sigmoid line on the right dorsal side in the anterior half 
of the body. Contractile vacuoles numerous, distributed in 
irregular rows posterior to the accessory membranelle zones. 
The macronncleus, viewed laterally, has the form of a flattened 
tetter Z, with enlarged ends, and has the micronucleus 
embedded in the anterior lobe on the right face ; viewed 
■iorsally it presents a slightly flattened spiral form. 
Dvmensions. — ^Length 250-290 ft.. 



IV. Suborder GTENOSTOMIDA Lauterborn 
( = Ctenostobiata Kahl. ) 

Small laterally flattened Ciliates with elongated cilia con- 
fined to a few rows or groups, especially at the posterior end. 
Both the frontal and the posterior end of the body aie provided 
with teeth-like processes. Near the anterior end is situated 
a transversely running fi:ontal band, thickly provided with 
cilia arranged in five rows. Mouth with a peculiar comb-like 
structure, the teeth of which are cirri-like structures. The 
adoral zone is limited to eight membraneUes, which are situ- 
ated in a groove opening ventralwards. Pellicle is strengthened 
with armour-plates. Almost exclusively sapropehc in foul 
muddy water. 

Ideniificaiion Table of Families. 

1. Posteriorly the coat of mail is open. CSIia- 

tion relatively strong. Right lateral sur- 
face -with at least two, left lateral surface 
with four posterior and one frontal row. . EpaleidsB * Wetzel. 

2. Posteriorly the coat of mail is slightly open 

or wholly dosed. Ciliation weak. (Gene- 
rally the left lateral surfaice only provided 
posteriorly with one or two short rows of 
cirri-like fused longer cilia. Frontal band 
limited to the narrow ventral side Mylestomldse * Kahl. 
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3. Posteriorly the coat of mail is closed. Cilia- 
tion weak. !Froixtal band extends to 
a strong sweUicg on both lateral surfaces, 
on the left as a wide unbroken, stretch ; 
right lateral surface with a stronger 
posterior spine directed ventralwards . . . DlseomorphidsB * Eahl. 

Up to ihe present time no animals belonging to any of the 
families in th^ suborder have been discovered in India. 

Bemarks. — ^As Ctbnostoma.ta is preoccupied as a name 
for a suborder of Polyzoa, the name of the suborder should 

be CTEBTOSTOMrDA. 



V. Suborder HYPOTRICHA Stein. 

The suborder HypoTiacffA includes some of the most highly- 
differentiated forms among the Protozoa. They are generally 
flattened dorso-ventrally, and the motile organs are confined 
to the ventral surface. In the less differentiated forms 
(family Peritromidse) there are numerous cUia of uniform 
size arranged in rows on the ventral surface. In others the 
cilia are reduced in number and there are groups of cirri which 
are beHeved to be formed by fusion of adjacent cilia. The 
cirri are located in regional groups known as firontals, veaitrals, 
anals, marginals and caudals. Among the UrostyUnse, 
frontal and anal drri are differentiated and the rest of the 
ventral surface is covered with uniform cilia. In the Pleuro- 
trichinse and Psilotrichinss the cirri are increased and 
ventral cilia further reduced or even absent. In Euplotidae 
and Aspidiscidae the ventral dlia are entirely replaced by 
cini, and marginal cirri are greatly reduced or absent. On 
the dorsal su^ace the cilia are changed into stiff tactile 
bristles, which are arranged in rows and recognizable with 
difficulty. Peristome lies ventrally at the anterior end of the 
body. The adoral zone of membranelles, after going round 
the anterior end of the body, runs along the left margin of 
the triangular peristomial field. Along the right margin 
of the peristomial field and in the peristomial field itself 
there are one or more undulating membranes or ciliary rows 
named as preoral, adoral, paroral, etc., according to their 
position in relation to the mouth (see fig. 168). 

There are usually two macromuclei and two micronuclei. 
Conjugation and enoystment occur in all forms. Qysts are 
frequently ornamented by numerous spines. 

The great majority of the Hypotbioha live in fresh water 
and are bottom feeders, showing a great variety of swimming. 
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creeping or springing movements. Many of them (e. g., 
Stylonychia) walk or run on the tips of their frontal and 
ventral cirri ; others (e. g., Aajndisca) swim with a peculiar 
jerky movement ; while still others (e. g., Uronychia, Ewphtes) 
combine swimming due to the adoral zone with sudden springs 
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Fig. 168. — ^Diagram of a Hypotriohous Ciliate. az, adoral zoufi of 
membiansUfis ; c, verttral and anal cirri ; em, endoral 
membrane; eo, endoral cilia; pm, paroral membrane; 
%>o, preoral cilia ; poc, paroral cilia. (After Calkins.) 

or jumps due to the anal or caudal cirri. A few of them 
(e. g., Stiiitobiicha) dwell in tubes ; and one genus (Kercma) is 
found as an ectoparasite on Hyd/ra. 

Identificcction Table of Families. 

1 (2). Ventral surface bearing cilia only, no 

cirri PeritroinidsaSt.,p.363. 

2 (1). At leaGrti anal ciiri on ventral surface . . 3. 

3 (4). CUiation on the ventral surface thick 

and tolerably uiuform, or, when re- 
duced, limited to a few longitudinal 
rows. Two uninterrupted marginal [p. 365. 

rows always present Oxytrlchldse Efaxbg., 

a. At least two uninterrupted rows of 
ventral cQia present ; no ventral cirri 

posterior to mouth except onals . 

6. Ventral rows interrupted, of their oilia 

only some changed into cirri ; five _ 

to eight frontal cirri Pl/EtmoxBloHlN'iE:, 

e. On© or two ventral rows of bristle- 
shaped oiiri, in part irregularly 
situated; no ventral cilia ...<.... VaTLOTBiOBHsrM, p.ZSZ. 



XTBosTviJCNja!, p. 365. 
[p. 371. 
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4 (3). Ventral cilia entirely replaced by cirri ; 

roarginal eilia greatly reduced or 
absent S. 

5 (6). A few marginal cirri present on the sides 

of the body or at the posterior end ; [p. 384. 

fi?ontal, ventral and anal cirri present. Euplotids Ehrbg., 

6 (5). Marginal rows completely absent ; vari- [p. 383. 

able frontals, ventrals and smals .... Aspidiscidse Ehrbg., 



] . Family PERITROMID^ Stein, 1867. 

Flattened forms with, ■uniform coating of undifferentiated 
cilia on the ventral surface. The adoral zone of membranelles 
surrounds the anterior end of the body and runs along the 
left margin of the peristome. 

Kahl (1930-5) has transferred this family to Hetbkotbioha, 
and restricted Hypotkioha to include only those forms in 
whioh some of the ventral eilia are modified into cirri. In my 
opinion, in the structure of the adoral zone and in the possession 
of a double macromicleus the family shows undoubted re- 
semblance to the other Hypotetoha, and should not be 
separated from them. 



Genus PERTTROMOIDES, gen. nov. 

Animalcules free-swimming, large, ovate ; depressed. 
Peristomial field extends backwards to the middle of the 
ventral surface and possesses a fringe of large, powerful 
adoral membranelles surrounding the anterior end of the body 
and extending along the left border of the peristome, and an 
undulating membrane extending along the right border of the 
peristome. Peristome followed by a narrow cytopharynx. No 
ventral or anal styles or setse ; the ventral surface bearing 
interrupted but parallel rows of fine vibratile cilia. Macro- 
nucleus double. Inbabitiag fresh water. 



262. Feritromoides simplex, sp. nov. (Fig. 169.) 

Body ovate, widest in the posterior half, about one and 
a half times as long as broad, with a small triangular tail-like 
projection at the posterior end of the body. Peristomial 
field wide, gradually narrowing posteriorly, with a fringe of 
stout and powerftil adoral membranelles along its left border 
and around the anterior margin of the body and an undu- 
lating membrane along the right margin of the peristome. 
From the posterior end of the peristome a narrow and tapering 
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cytopharynx extends to middle liae of the body. Ventral stir- 
face provided with obliquely runniag, parallel rows of cilia, foiu: 
rows in the anterior half and only three ia the posterior half, 
with bunches of similar cilia in slight iadentations of the 
margins of the body ; short marginal ciha also present except 
at the anterior extremity of the body. Contractile vacuoles 
two, one slightly to the left of the posterior end of the peri- 
stomial groove, the other situated to the right of the groove 
in the anterior half of the body. Maoronuoleus double, the 
two halves widely separated. 

Dimensions. — ^Length 136 fj.. 

Bemarks.—Tbia form was met with in water &om a pond in 
Lahore. It measured 136 ft in lei^h, and its greatest width 
was 90 fi. The form was flattened and showed a certaia 
degree of resemblance with Oxytrichinse in possessing an 




fig. 169.- 



-Peritromoides si/mplea, sp. nov. ad.c, adoral zone of mem- 
branelles ; O.V., oontraotile vcusuole ; N, nucleus ; u.m, 
tindulating menabrame. 



«dentulate C3d»pharyax, an excavate peristomial field, and a 
fiinge of adoral membraneUes. It differed from the latter, 
however, in the complete absence of any ventral or anal 
styles or setae and in possessing rows of ordinary cilia on the 
ventral surface. It differs from Peritromus in that the cilia 
of the ventral surface are not uniformly and densely arranged, 
but occur in oblique and interrupted rows. Other points 
of dififerenoe that may be mentioned are the existence of an 
undulating membrane along the right peristomial border 
and the occorrence of two contractile vacuoles. The body 
of the organism was remarkably clear and transparent, there 
being only a few green corpuscles and other food vacuoles 
present. 
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While Peritromtis shows close-set rows of ventral oilia of 
uniform size, Peritromoides shows an even nearer approach to 
the Oxytrichidse by the reduction of both marginal and ventral 
cilia and the possession of an undulating membrane along 
the right peristomial border. Both are flattened and possess 
an adoral zone of membranelles and the double maoronucleua. 

Habitat. — ^Fresh water : PiJSf jab. Lahore. 



2. FamUy OXYTRICHID.E Ehrenberg, 1838. 

Flattened forms with tihick and tolerably uniform ciliation 
on the ventral surface, or, when this is reduced, cilia are limited 
to a few longitudinal rows. With the reduction ia the ventral 
cilia there is a corresponding iacrease ia the ntimber and 
complexity of the cirri. Anal cirri at least are always developed. 
Two uninterrupted marginal rows are always present. 
Adoral zone of membranelles is well developed. Dorsal 
bristles are present. 

The family is divided into three subfamilies — Urostylinse, 
Pleurotrichinae, and Psilotriohinae. 



1. Subfamily UROSTYLmiE Biitschli, 1889. 

At least two uninterrupted rows of ventral cilia present. 
Rrontal and anal cirri generally distinct. Apart from these 
ventral dlia are not ohaJoged into cirri. 



Key to Iindian QenAra. 

1 (4). Distiact anal cirri present 2. 

2 (3). Two TOWB of marginal ; five to sevan. [p. 386. 

rows of veatral cflia "UBOsrrLA Ehrbg., 

3 (2). Two rows of marginal ; two to three [em. Entz, p. 367. 

rows of veatral cUia Holostioea Wizes. 

4 (1). Without distinct anal cirri 5. 

5 (6). Posterior end not diawn out into a tail. 

Ventral ciliary rows oblique; without 

frontal or anal cirri. Body anteriorly 

drawn out into a neck. Peristome [p. 368. 

long. Often tube-dwelling SracHOraacHiPerty, 

6 (5). Posterior end distinctly drawn out into 

a tail. Two rows of ventral dlia ; 

three frontal cirri; no anal cirri; [em. St., p. 369. 

no long caudal oUia or bristles ....... Ubolepttts Ehrbg. 



366 omcoPHOEA. 



Genus UROSTYLA Ehrenterg, 1830. 

I7ro«/y2o,Ehr6nberg, 1830,p.43; 1838, p. 369; Stein, 1859 rf, p. 191; 
1867, p. 63 ; Clapai*.de & Laohmann, 1858-61, p. 168 ; Kent, 
1880-2, p. 764; ButschU, 1887-9, p. 1741 ; Eoux, 1901, p. 95; 
Lepsi, 1926o, p.81 ; Sehoenichen, 1927,p.228; Eeiohenow, 1929, 
p. 1206 ; Kahl, 1930-5, p. 564 ; Calkins, 1933, p. 619. 

Body egg-shaped, elongated, very flexible, often coloured 
yellow or brown. Peristome more or less elongated, not 
extending beyond the middle of the body, breadth very 
variable. Mouth provided with two undulating membranes 
and three ciliary rows. Marginal, frontal (three or more) and 
anal (5 to 12) cirri well developed. Numerous rows of ventral 
cUia or setse arranged in longitudinal rows. Caudal setae 
absent. Contractile vacuole to the left, near the posterior 
angle of the peristome. Macronucleus single or multiple. 
Often with zooohlorellse. Locomotion moderately brisk. 



253. Urostyla weissii Stein. (Fig. 170.) 

Oscytridia uroslyla (!), ClaparMe & Lactamann, 1858, pp. 141-2, pi. v, 

fi«.2. 
Ox/ytridha muMpea(^), Clapar&de &; Lachmann, 1858-61, pp. 143-4, 

pi. V, flg. 1. 
TJrostyla weissii. Stein, 1859 d, pp. 192-4, pi. sdii, flgs. 1-4 ; 

Kent, 1880-2, pp. 764-5. 
^TJros^la weissii, Gulati, 1925, p. 752, fig. 22. 
Vrostyla weissii, Lepsi, 1926 a, p. 84, fig. 430 ; Schoeniclien, 1927, 

pp. 228-9, pi. xHi, fig. 4. 
Vrostyla weiasii, Beic£euow, 1929, p. 1206, flg. 1188 a; KaM, 

1930-5, p. 668, fig. 97, 4. 

Body elongate-elliptical, about three and a half times as 
long as broad, widest centrally, gradually tapering towards 
the two extremities, anterior end the narrower. Peristomial 
field forming an acute triangle, extending to a little beyond 
the anterior third of the body, its reflected border cijiate, 
nearly straight. Three to five frontal styles, supplemented 
by five even median rows of short ventral setae ; marginal 
setse forming a continuous projecting row ; anal styles seven 
to eight. Contractile vacuole single, subcentral. Macro- 
nucleus ovate, double. Micronucleus not distinguished. 
Body yellowish or brownish. 

DMwerasMws.— Length 280-297 jn. 

B&fnmrks. — Gulati mentions tiiat in the form examined by 
him the macronucleus was broken up into many small oval 
bodies. 

Hobitat. — ^Pond water : PcmJAB, Lahore. 
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Kg. 170. 









Fig. 170. — Urosiyla loeissii Stem. (After Stein.) 
Kg. 171. — Holosticha mystacea (Stein). (After Stein.) 



Genus HOLOSTICHA Wrzesniowski, 1877, emend. Ente, 

1884. 

HoloaticJia, Wrzesniowski, 1877, p. 278; Kent, 1880-2, p. 769; 
Entz, 1884, pp. 360-7 ; BiitsoMi, 1887-9, p. 1744 ; Kahl, 1930-5, 
p. 578 ; Calkins, 1933, p. 619. 

Body jfree-STvimniing, more or less elastic, and changeable 
in form, oval or elongate, not drawn out into a neck or tail. 
Frontal cirri absent, two or three uninterrupted rows of short 
ventral setsB which extend over frontal area also ; five or more 
anal styles and a continuous projecting border of marginal 
setsB. Contractile vacuole single, spherical, usually occupying 
a median position close to the left margin. Macronuoleus 
double. Inhabiting salt and fresh water. 

254. Holosticha mystaeea (Stein). (Fig. 171.) 

Oxytriaha mystaeea. Stein, 1859 d, pp. 188-9, pi. xii, figs. 7-11. 
Holoaticha mystaeea, Kent, 1880-2, p. 769, pi. xliii, fig. 11. 
■\OiByirioha mystaeea, Daday, 1898, p. 8. 
Gastrostyla mystaeea, Lepsi, 1926 a, p. 8S, fig. 455 ; Sohoenichen, 

1927, p. 234. 
EolosOeha mystaeea, ICaU, 1930-5, p. 58S, fig, 106, 2S. 

Body ovate, flattened, nearly three times as long as broad, 
rounded and widest posteriorly ; right side convex, left 
concave. Peristomial field extending backwards nearly to 
the centre of the body, its reflected border arcuate, distinctly 
cihate. Ventral setse forming two irregular, curved, central 
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rows, supplemented anteriorly with a few additional styles ; 
marginal setse constituting a continuous projecting border, the 
posterior ones longest ; anal styles of medium size, not pro- 
jecting beyond the posterior margin. Contractile vacuole 
single, spherical, median. Macronucleus double. 

Dimensions. — ^Length 131—173 ju. 

Habitat. — Pond water : Ceylon, Kandy. 

Genus STICHOTBICHA Perty, 1849. 

SHohotricha, Perty, 1849, p. 169; Stein, 1859 d, p. 174; 1867, 
p. 149; Kent, 1880-2, p. 775; BGtsohU, 1887-9, p. 1743 ; Roux, 
1901, p. 96 ; Lepsi, 1926 a, p. 81 ; Scboemohen, 1927, p. 230 ; 
Kahl, 1930-5, p. 556 ; CaDdns, 1933, p. 617. 

Body spindle-shaped but very variable in form, colourless 
or green. Anterior end strongly narrowed and flattened, 
forming a more or less elongated and contractile neck. Peri- 
stome long and narrow, slit-Uke, with very long adoral cilia 
that are constantly surging up and down, extending to 
the middle of the body. Marginal cilia well developed, 
commencing on the left margin behind the peristome and on 
the right margin near the summit of the narrow part. Varying 
number of rows of ventral cirri. Without frontal or anal 
cirri. The narrow anterior end carries on either side a row 
of larger dorsal bristles. Macronucleus in the form of two 
oval bodies. Locomotion irregular. 

255. Stiehotiieha sp. (Fig. 172.) 

fSachoiridia sp., Chaudhori, 1929, p. 54, pi. ii, fig. 21. 

Remarks. — ^The form figured by Chaudhuri resembles in all 
essential respects 8. acnAeata Wrzesn., except that the two 
rows of ventral ouri are not shown. 




JFig. 172.— fi'ticftoftrtcfta sp. (After Chaudhuri.) 
Eabitai. — Soil from CsiTTEAri India., Indore. 
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Oenus UROLEPTUS Ehxenberg, 1831, emend. Stein, 1859. 

Vrolepttia, Ehrenberg, 1831, p. 116 ; 1833, p. 277 ; 1838, p. 358 ; 
Stein, 1859 d, p. 176 ; ClaparMe & Laohmann, 1858-61, p. 151 ; 
Engeknann, 1862, p. 386 ; Kent, 1880-2, p. 779 ; Butsohli, 
1887-9, p. 1745 ; Rotix, 1901, p. 98 ; Lepsi, 1926 a, p. 81 ; 
Sohoeniohen, 1927, p. 231 ; Sandon, 1927, p. 192 ; Kaid, 1930-5, 
p. 547 ; Calkins, 1933, p. 617. 

Body elongated, posteriorly with a tail-like prolongation, 
Tariable or constant in form; colourless, red, or violet. In 
addition to the weU developed marginal cilia there are two 
TOWS of ventral cilia, lying close to one another. Three 
frontal cirri present, anal cirri and caudal setae absent. Peri- 
stome of varjdng length and breadth. Contractile vacuole 
to the left of the middle. AH species live in stagnant water. 
Locomotion rapid, incessant, frequently changing in direction. 

Feed on detritus, Algse, Diatoms, etc. 

Key to India Species. 

1. Body not pear-shaped, but narrow, 

elongated, spindle-s^ped 2. 

■2 (3). Marginal oilia longer posteriorly. Body 

anteriorly widened. Length, up to [Ehihg., p. 370. 

140 ft V. pisds (Mufl.) 

3 (2). Maxginal cilia uniform. Body not 

■widfined anteriorly. Length 350— [p. 369. 

400 fi 17. mobilia Engelm., 

256. Uroleptns mo1)ilis Engehnann. (Fig. 173.) 

Vroleptus mobilia, Engehnann, 1862, p. 386, pi. inoci, figs. 11, 12 ; 
Kent, 1880-2, p. 781, pi. sliii, figs. 9, 10 ; Rous, 1901, p. 99, 
pi. vi, fig. 2 ; Lepsi, 1926 a, p. 84, fig. 439 ; Schoeniohea, 1927, 
p. 232, pi. jdii, fig. 9. 
iVroUptua mobilia (J), Sandon, 1927, p. 193. 
\Urol&piu8 mdbiUs, Chaudhxiri, 1929, p. 54, pi. ii, fig. 26. 
Vroleptua m^bOia, Kahl, 1930-5, p. 548, fig. 101, 2 ; Calkins, 1933, 
pp. 27, 28, 68, 63, 84, 219, 220, 246, 261, 26^ 267, 313, 334, 
figs. 1, 27, 32, 109, 127, 128, 129, 131, 137, 159, 160, 166. 

Very narrow, about twelve times as long as broad, posterior 
■end tapering to a blunt point ; body cylindrical and contractile. 
Peristome very narrow, exceedingly small, extendiag to about 
one-ninth of the length of the body, its inner border with 
an undulating membrane. Frontal styles uncinate, three in 
number ; some scattered ventral cirri ; marginal setae rela- 
tively long and widely spaced. Contractile vacuole near 
the left margin, in front of the middle of the body. Macro- 
nucleus consisting of six ovoid masses arranged in a longi- 
tudinal row. 

Dimensions. — ^Length 350-400 ft, breadth about 40 [i. 

Fresh water and in soil. 
'CTL. 2 b 
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Habitat. — ^Doubtfially recorded by Sandon in soil from 
Madeas, Coimbatore, and by Chaudhuri in soUs from ELashbob, 
Srinagar ; PtmJAB, Ghora Gall ; Dblhi ; Central Iitoia, 
Indore ; Bengal, Chittagong ; Btjbma, Eangoon. 

257. Uioleptus piseis (Miiller) Ehrenberg. (Fig. 174.) 



Trichoda piseis, Miiller, 1773, p. 73 ; 1786, p. 214, pi. saxi, figs. 1-4. 
Uroleptua pisois, Ebienberg, 1838, p. 358, pi. xl, fig. 1. 
0!i;^M!%acomdaja,E!hTenberg, 1838,p. 365,pl.xl,fig. 11 ; ClaparSde- 

& Laohmaun, 1868, p. 146, pi. v, fig. 7. 
UroUptus piacia, Keat, 1880-2, p. 780, pi. sOiu, fig. 21. 
UroJ^PuB (AnvpMsia) piacis, Butschli, 1887-9, pi. Ixxi, fig. 2. 
XJrol^Pus piseis, Roux, 1901, p. 99, pl. vi, fig. 3 ; Lepsi, 1926 o, 

p. 84, fig. 435 ; Sohoeniohen, 1927, p. 232, pl. xiii, fig. 8. 
•^Urole^itiis pisois, Sandon, 1927, p. 193 ; Chaiidhuri, 1929, p. 60. 
UroUptus piseia, Kahl, 1930-5, p. 550, fig. 101, 1 ; CaUdns, 1933, 

pp. 151, 518. figs. 81, 309 B. 

Body exceedingly elastic and Bomewhat variable in shape, 
broadly linear-fusiform or band-like, from six to eight time» 



I'ig. 173. 



rig. 174. 



rig. 173. — XJroleptaa TndbUia Eogelnuum. B, oytostoms ; Ma, macro- 
nuolens; Mi, miciouudeus ; V.O, contractile vacuole; 
Z.A, adoral zone. (After Biouz.) 

Fig. 174. — UrolejOus pisds (MnUer) Ehrenberg. Lettering as in the 
previous figure. (After Boux.) 

as long as broad, anterior end rotmded, maximmn width 
about the middle, with a long strap-like tail ending in a blxmt 
point and turning to the right. Peristome extending from 
one-foiirth to one-third of the length of the body ; adoral 
zone well developed along the anterior and left margin, 
right margin with a narrow undulating membrane and fine 
preoral cilia. Itental oiiri three, marginal setae set on ventral 
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surface but projecting beyond the edge all along the body, 
rather longer on the tail ; ventral setse in two median rows. 
Contractile vacuole near the left margin, in front of the middle 
of the body. Maoronuoleus consisting of two ovoid masses, 
situated in the middle part of the body behind the contractile 
vacuole. 

Dimensions. — ^Length 600-800 ju., maximum breadth 80- 
110 jii. 

Fresh water and in soil. 

Habitat. — Soils from Kashmik, Srinagar ; Cbkteai Iniha, 
Indore ; Madras, Cotmbatore. 

258. Uroleptus sp. 

■fUroleptiis sp., Chaudhuri, 1929, p. 54, pi. iii, figs. 3, 4. 

Habitat. — Soils from JKT.W.P. PEOvnsrcB, Peshawar; Centkal 
India, Indore. 



2. Subfamily PLEUROTRICHIN^ BiitschU, 1889. 

Ventral cilia in interrupted rows, some of them beLog changed 
iato drri. Frontal cirri distinctly developed, typically eight 
in number. Anal cirri invariably present. One or two rowa 
of marginal cilia also present. 

Key to Indian Genera. 

1. Eight £rontal oiixi afranged ia a typical 

manner 2. 

2 (3). Feristome narrow, elongated, bent at an 

angle about the nsidole of the body ; [p. 372. 

three caudal cirri GoirosTOiitnu: Sterki, 

3 (2). Peristome broad or narrow, not bent at 

an angle in the middle of the body. . 4. 

4 (7). Besides the fine, strongly developed 

ventral oiiri there are rows of smaUer 

oirri, or altogether only one or two 

rows of but slightly difEerentiated 

ventral cirri. Peristome broadly 

triangular 5. 

6 (6). Eight Srontal cirri ; five diSerentiated 

ventral cirri ; row of anal cirri broken, 

two near posterior end ; no caudals ; 

marginal row of cilia unbroken pos- [p. 373.. 

teriorly FuES-citOTElOHA Stein, 

6 (5). Eight frontal cini, the three anterior 

being more conspicuously developed ; 

ventral setse forming an oblique row, 

occasionally supplemented by a few 

others ; four or five anals well deve- 
loped; marginal row of cilia imbroken [p. S77. 

posteriorly O-ASiBoSTYXiAEiigelm., 

2b2 
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7 (4). Only five ventral cirri. Peristome 

large, oftea extending to the middle of 
the body 8. 

8 (9). Eight frontal and five ventral cirri, two 

of the latter near the peristome, two 
near the aoalB, and one median ; five 

well-developed anal cirri ; without [em. Sterki, p. 378. 

caudal cirri Oxyteioha (Bhrbg.) 

'9 (8). As above, but marginal cirri inter- [em. Stein, p. 380. 

rupted posteriorly; three caudal cirri . SiyiiONTroHiA (Ehrbg.) 



Gtenus GONOSTOMUM Sterki, 1878. 

Oxytricha, paxt. Stein, 1850 d, p. 182. 

Oonostonwm, SterH, 1878, p. 57. 

Plagiotnciha, part, Kent, 1880-2, p. 772. 

QonosUmvum, Maupas, 1883 a, pp. 550-6 ; Butsohli, 1887-9, 

p. 1748 ; Lepsi, 1926 o, p. 82 ; Sohoeniohen, 1927, p. 234 ; Kahl, 

1930-5, p. 597 ; Calkins, 1933, p. 619. 

Body form mostly narrow, narrow and pointed at both 
«xtremities. Peristome very narrow, with its posterior 
extremity bent abruptly inwards, and terminating near the 
centre of the body. Eight frontal styles, one or more oblique 
TOWS of ventral setae, a projecting fringe of marginal setse, 
and four or five anal styles. Generally with three distinct 
<3audal setse. CJontractile vacuole single, near the left lateral 
border. Maeronucleus bipartite. 



259. Gonostomum aflBne (Stein). (Fig. 175.) 

Oxytaicha c^nis. Stein, 1859 d, pp. 186-7, pi. xii, figs. 1-6. 
PlagiotrichQ, {Qcmoatom/um) affinis, Kent, 1880-2, p. 772, pi. xliii, 
■ fig, 25. 
Gonostomum ajffinet'Ba.tsdtJi, 1887-9, pi. Ixsi, fig. 8; Lepsi, 1926a, 
p. 86, fig. 457 ; Schoenichen, 1927, p. 234, pi. xiii, fig. 13. 
•fOonoatomum (Plagiatrieka) affine, Sandon, 1927, p. 195, pi. vi, 

fig. 15; pi. i, fig. 25. 
^Oonostomwn affine, Chaudhuri, 1929, p. 60, pi. ii, figs. 29, 30 ; pi. iv, 
fig. 17. 
Oonostomwrn (Oscytricha) engine, Kahl, 1930—5, p. 598, fig. 113, 9, 
fig. 115, 1-4. 

Body elongated oval, three and a haJf to four times as long as 
troad ; ends narrowed and equally rounded, ia section almost 
■ciroular ; very flexible. Peristome very narrow, reaching 
to the middle of the body, running back for the greater part 
of its length parallel to the axis of &e body and making a very 
characteristio sharp bend inwards near its hind end. Cilia 
of the adoral zone uniformly elongated. Eight frontal drri ; 
five or six ventral cirri arranged in an oblique row ; marginal 
•cirri uninterrupted at the posterior end, where they are a little 
longer ; anal styles five, short and inconspicuous, not reaching 
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to the posterior extremity of the body ; no caudal setse. 
Contractile vacuole near the left margin, about the middle. 
Maoronucelus in two rather elongated ovoid masses. Cyst 
has a thin smooth wall. 

Dimens'ums. — ^Length 76-100 jn. Diameter of cyst 33 /x. 

In swampy water and a very common soil form. 




Fig. 175. — Oonoatomum, engine (Stein). (After Saadon.) 

HaMtat. — Sandon records it from soil from spice-gardens : 
SoTJTHEKN iNDXi, Kanara ; and doubtfully records it from 
soils from Punjab, Jullundur ; Madkas, Coimbatore. Chaud- 
huri records it from soils from KIashmie, Srinagar ; PtnirjAB, 
Lahore ; Delhi ; United PEOvrsrcES, Agra ; Bombay, 
Dharwar ; CETLOi>r, Colombo. 

260. Gonostomum sp. 

fOonostomum sp., Chaudliiiri, 1929, p. 54, pi. iii, figs. 5, 6. 

Remarks. — ^This form has been imperfectly described and 
poorly figured. It is doubtful if it is a species of Gonostomum 
at all. 

Habitai. — ^From soils from Ptjnjab, Lahore ; Bengal, 
Dacca ; and Madbas, Madras. 



Genus PLEDROTRICHA Stein, 1859. 

Pleurotricha, Stein, 1869 o, p. 4 ; 1859 d, p. 168 ; Engelraaort, 
1862, p. 385 ; Kent, 1880-2, p. 782 ; BGtsohli, 1887-9, p. 1747 ; 
Lepsi, 1926 a, p. 82; Schoeniohen, 1927, p. 233; Reioheaow, 1929, 
p. 1207 ; Kahl, 1930-5, p. 593.. 

Free-swimming, medium-sized, persistent in form, elongate 
or elliptical. Peristome-field broad, triangular, not extending 
to the median line, with both undulating membranes well 
developed. Eight frontal cirri, the three anterior of which 
are usually more conspicuously developed, arranged in a 
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t3rpical maimer. Five large ventral cirri, together with one 
or more complete rows of smaller ventral setse. Anal styles 
five or six, axranged in two groups, of which one, containing 
the two on the right side, is situated close to the posterior 
■end, whilst the other, consisting of the three on the left side, 
is situated further forwards on a level with the last of the 
ventral cirri. Caudal styles absent. Contractile vacuole 
situated near the posterior angle of the peristome. Macro- 
nucleus ovate, sometimes multiple. Locomotion swift, almost 
springing, changing in direction to left and right. Inhabiting 
fresh water. 

Key to Ivdian Species. 

1 (2). Body broad, egg-shaped. Two or more, 

usually tturee, rows of ventral cirri on 
either side of the raedian group of 
ventral tmeini. P. ^randM Stein, p. 374. 

2 (1). Body lanoeolate. One complete and 

one incomplete row of ventral cirri 

on the right side only of the median [Stein, p. 376. 

group of ventral unoini P. ZanceoZafa (Ehrbg.) 



261. Plenrotrielia grandis Stein. (Fig. 176.) 

Fleurotricha grandis, Stein, 18d9 a, p. 4; 1859 d, pp. 169-70, pi. x, 
fig. 1 ; Kent, 1880-2, p. 782 ; Biitsohli, 1887-9, p. 1248, fig. 6, 
pi. Ixxi, fig. 5. 
tPZeumft-ioAo grandis, Bhatia, 1920, p. 262 j Gulati, 1925, p. 10, 

fig. 23. 
Pleurofy-i(^ grandis, Lepsi, 1926 a, p. 85, fig. 452; Schoenichen, 

1927, p. 233, pi. sdi, fig. 11. 
■fPleurofricha grandia (?), Sandon, 1927, p. 197 ; Chaudhuri, 1929, 
p. 54. 
Ptmro^-ieha grandis, Beichenow, 1929, p. 1207, fig. 1188 b ; 
Kail, 1930-5, p. 693, fig. 113, 3. 

Body elliptical, about twice as long as broad, widest a little 
behind the middle. Peristome not extending to the middle. 
Eight frontal cirri arranged in a typical manner ; five ventral 
unoini stout and subcentral, supplemented on each side by 
usually three parallel rows of smaller ventral setae ; anal 
styles in two subgroups, the two together constituting one 
group, removed towards the posterior extremity and pro- 
jecting to a considerable distance beyond its margin. Con- 
tractile vacuole close to the posterior angle of the peristome. 

Dimensions. — ^Length 100-420 /*. 

Fresh water among aquatic plants. 

Remarks. — ^The size of this species is apparently subject to 
•considerable variation. The form met with at Lahore measured 
only 100 jti in length and 40 joi in its greatest width. Schoe- 
nichen gives the length as 100-200 /x; Kent 208-416/*; 
iSaadon 210-420 /*. ^e number of supplementary rows of 
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small ventral setae also shows ccosiderable variation. Kent 
mentions two parallel rows of smaller ventral setae on each, 
side. Stein, Biitschli, and Schoenichen show three rows on 
■each side. Lepsi states that there are some five rows, of 
which in his figure three are shown on the right and two on the 
left. Sandon gives two complete and one partial row on 
either side of the median group. Gulati mentions one or 
more rows on each side. In the specimens examined by me 
at Lahore I found on one occasion five rows on the right side 
and only three rows on the left, and on another only two rows 
on each side. 
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Kg. 176. — Pl&jmOricTwb grandis Steia. a, veatral view ; b, conjugation j 
e, cyst. C, oyst ; oa, contractile vacuole ; eom, endoral 
membrane ; re, macronucelus ; n', micronuoleus ; N, food- 
particle ; pom, postoral membrane. (After Biitschli.) 

Transverse fission was observed in this form. The antedor 
part of the body containing the peristome narrowed somewhat, 
some of the bristles were oast off, another contractile vacuole 
developed in the anterior portion and a new peristome in the 
posterior part. The anterior portion then curved roimd to 
the side of the rest of the body, and was finally constricted 
off from it. 

Habitat. — ^Pond water and iofosion of dry leaves : Potijab, 
Lahore. Soils from N.W.F. Peoviitcb, Peshawar ; Ptotjab, 
Ghora GaJi ; Bombay ; Unttbd Pbovtstobs, Agra ; Centrai 
India, Indore ; Bbnoal, Sibpore ; Assam. 
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262. FleuroMelia laneeo^Uita (Elirenberg) Stein. (Fig. 177.) 

Ke/rona oaVoiMum, Mailer, 1786, p. 245, pi. xxsiv, figs. 11-13. 
Stylcmiohia lanceoUxta, Ebrenberg, 1838, p. 373, pi. slii, fig. 5. 
Pleurotrioha ZorieeoZoto, Stein, 1859 a, p. 4 ; 1859 d, pp. 170-1, pi. x, 
figs. 2-4 ; Keat, 1880-2, p. 783, pi. xliii, figs. 26, 27 ; Lepsi, 
1926 a, p. 85, fig. 453 ; Schoenioben, 1927, p. 233. 
■fPleurotricha laruxolcOa (?), Sandon, 1927, p. 196, fig. 12. 
Pl^j/rotridha lanaeolata, Manwell, 1928 a, pp. 417-37, pis. i-xii, 

figs. 1-54 ; 1928 6, pp. 433-6. 
^Fleurotrieka laneeolata, Chaudliuri, 1929, p. 54. 
Pleijrotricha laneeolata, KAhl, 1930-5, p. 593, fig. 113, 4. 

Body elongate-lanceolate, two and a half times as long as 
broad, pointed posteriorly, the anterior end curved slightly 



Fig. 177. 




Fig. 178. 
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Fig. 177. — Pl&urotncha laneeolata (Ehrenberg). (After Sandon.) 
Fig. 178. — Cfastrostyla seUJera (Engelmann). e.v, contractile vacuole. 
(After Gulati.) 

towards the left. Peristome, frontal, ventral, anal styles, and 
other details as in P. grandis ; one complete and a second 
incomplete row of supplementary ventral setae on the right 
only of the larger ventral uneini. Cyst characteristic, being 
covered with short, stout, straight spiny processes. 

Dmejmoras.— Length 83-143^ (Stein), 173-297 u. (Kent), 
70-80/* (Sandon), 100-165 /x (Manwell). 
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Fresh, water, among aquatic plants ; fairly common in 
soil. 

Remarks. — Conjugation, division, and encystment in this 
species hare been fally described by Manwell (1928 a). 

Habitat. — ^In soils : Kashmir, Srinagar ; ^.W-P. PBoviNCi!, 
Peshawar ; Punjab, Ghora Gali, JuUundur (1) ; DuiiHi ; 
Cejs-tral Iotjia, Indore ; Hydbeabad ; Madbas, Madras ; 
AssAH, Cinnamara. 



Genus GASTROSTYLA Engelmann, 1862. 

Cfastrostyla, Engelmann, 1862, p. 383; Kent, 1880-2, p. 783; 
Biitsohli, 1887-9, p. 1747; Boux, 1901, p. 100; LepEd, 1926 a, 
p. 82 ; Schoeniehen, 1927, p. 233 ; Sandon, 1927, p. 194 ; Kahl, 
1930-5, p. 593 ; Calkins, 1933. p. 519. 

Body elliptical, anteriorly narrower, posteriorly rounded, 
flexible, but little contractile. Peristome ocoupying about 
one-third of the body-length. Eight frontal cirri. Ventral 
cirri in one or two oblique rows, sometimes with a few additional 
scattered ones. Four or five anal cirri, situated as in Pleura- 
tncha, besides the marginal cilia, which form an uninterrupted 
row at the posterior extremity of the body. No caudal 
bristles. Single contractile vacuole, situated to the left in the 
middle part of the body. Macronucleus in two or four ovoid 
masses. Locomotion swift. 



263. Gastrostyla setlfera (Engehnaim). (Fig. 178.) 

Pleiwrolaridha setifera, Engelmann, 1862, p. 39, pi. szs, fig. 10. 
Qastrostyla setifera, Kent, 1880-2, p. 784; Btitsehli, 1887-9, p. 1248, 
fig. 7. 
■^Gastrostyla setifera, Gulati, 1925, p. 752, fig. 24. 
Oastrostyla seHfera, Schoeniehen, 1927, p. 234. 
Oaatrostyla (Pleiurotricha) setifera, Kahl, 1930-6, p. 695, fig. 113, 6. 

Body elongate-lajiceolate, constant in form, widest centrally, 
equally narrowed at the two extremities, about two and a 
half times as long as broad. Peristome extending backwards, 
its reflected border bearing a band-like undulating membrane. 
Frontal slyles in the form of flve uncini, the three anterior 
of which are largest, and three or more bristles situated 
further back ; an oblique row of ventral styles as well as a 
few scattered ones ; anal styles five in number, forming two 
groups of three and two each, only the latter projecting beyond 
the posterior border ; marginal setae coarse, forming an un- 
interrupted row ; no caudal styles. Contractile vacuole 
near the middle of the left lateral border. Macronucleus 
consisting of two ovate masses. 
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Dimensions. — ^Length about 270 jn (Schoemchen), 312/* 
(Kent). 

R&mmlcs. — ^Engelmaim, who originally described this species 
under the name of Pl&wotricha seiif&ra, mentions five frontal 
setae and four or five additional frontal setae ■which are inter- 
preted by Kent as the anterior setse of the oblique ventral 
row. Schoeniohen gives five tinoini and four to six bristle- 
shaped frontal cirri. Kent relegated the species to the 
genus Gastrostyla, as the latter is distinguished from Phuro- 
tricha by the possession of a single oblique row of ventral 
setae. 

The form described and figured by Gulati differs from the 
species, as defined above, ia possessing eight frontal styles 
disposed in a typical arrangement, two short rows of ventral 
setae, the five anal styles not beiag arranged in two groups, 
and in the very much smaller size, 90 /i by 30 /* only. Either 
it was not correctly observed or it represents a distinct species. 

Habitat. — ^Pond water : Ptjnjab, Lahore. 



Genus OXTTBICHA (Ehrenberg, 1830) Sterki, 1878. 

Oaytneha, Ehrenberg, 1830, p. 43 ; 1838, p. 363. 

Oxyirieha, part, Dujardin, 1841, p. 416. 

Oxytricha, ClapaxSde & Lachmaim, 1858-61, p. 138 ; Steid, 1859 d, 
p. 182 ; Engelmann, 1862, p. 387 ; Fromentel, 1874, p. 160 ; 
Sterki, 1878, pp. S6-7 ; Kent, 1880-2, p. 786 ; Batsohli, 1887-9, 
p. 1749 ; Koux, 1901, p. 100 ; Lepsi, 1926 a, p. 82 ; Sohoenichen, 
1927, p. 234 ; Sandon, 1927, p. 195 ; Reiohenow, 1929, p. 1207 ; 
KaM, 1930-5, p. 699 ; CaJkms, 1933, p. 521. 

Body elongate-oval, rounded at both ends ; flexible and 
contractile. Dorsal surface convex, least so in the middle 
part of the body ; ventral surface flat. Peristome large, 
sometimes extending to the neighbourhood of the middle 
of the body, right peristomial margia anteriorly bent to the 
left. Adoral zone of cirri well developed anteriorly and 
along the left margin, more or less strongly curved. Eight 
frontal cirri ; five ventral cirri, two below the peristome, 
one in the middle, two above the anal drri, sometimes with 
supplementary ones ; and five well developed anal cirri. 
Marginal row of setae unbroken at the posterior end. Often 
with dorsal bristles. Contractile vacuole single. Macro- 
nucleus double. Locomotion swift, with frequent changes of 
direction. 

Kahl (1930-5) has divided the genus into seven subgenera, 
of which TacJiysoma and Siylonic^ia are represented in Lidia. 
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264. Oxytlieha pefflonella (O.F.MuUer) Ehrenberg. (Kg. 179.) 

THdioda pelUonaia. O. F. MiiUer, 1773, p. 80 ; 1786, p. 222, pi. xxxi, 

fig. 21. 
Oxytrioha pelUoneUa, Ehreaberg, 1838, p. 364, pi. si, fig. 10 ; 
Dujacdin, 1841, p. 417, pi. xi, flg. 10 ; Stein, 1859 d, pp. 185-6, 
pi. xi, figs. 13-18 ; Kent, 1880-2, p. 786, gl. xlv, flgs. 3-5. 
Tcu:hi/soma agUis, Stokes, 1887 6, p. 180, pi. iii, fig. 6. 
Oxyiricha pelUcmella, Butschli, 1887-9, pi. Ixxi, flg. 9 ; Boux, 1901, 
p. 101, pi. vi, fig. 5 ; Lepsi, 1926 a, p. 86, flg. 461 ; Sohoeniohen, 
1927, p. 236, fig. 751, & pi. xiii, fig. 14. 
^Oxytricha pelMondla (?), Semdon, 1927, p. 196, pi. vi, fig. 14. 
\0(Bytriclia peHUonetXa, Chaudhuri, 1929, p. 54. 
Tcu!hi/3oma(0siii/iriciha) peUionella,Katd, 1930-5, p. 606, fig. 113, 31. 

Body elongate-oval, moderately elastic, rather more than 
four times as long as broad, widest in the middle, lateral margins 
nearly parallel, imiformly rounded at both extremities. Peri- 
stome rather narrow, about one-third the length of the body, 
not reaching the median line of the body in its maximum 
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S^g. 179. — Oaytricha peUioneila (O. F. Miiller). (After Sandon.) 

width, with well developed adoral zone of membranelles, and 
a narrow undulating membrane along its right border. Frontal 
cirri eight, ventral setae five, anal undni projecting to a con- 
siderable distance beyond the posterior end of the body ; 
marginal setse stationed at some distance from the periphery, 
row interrupted posteriorly. Dorsal bristles well developed. 
Contractile vacuole near the left border about the middle. 
Macronucleus consisting of two oval masses, with adjacent 
micTonuclei. 

Dimensions. — ^Length 80-100 /*, width 19-24 p. 

In stagnant water and in soil. 

Habitat. — Sandon doubtfully records it from soils from 
PcTNJAB, Jullundur ; Chaudhuri from soils from* Pcotjab, 
Lahore ; Cshstbal Ietdia, Indore. 
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265. Oxytrichasp. 

Oxytrit^ sp.. Carter, 1856. 
Habitat. — ^Fresh water : Bombay. 

266. Oxytriehasp. 

Oxytrioha sp. (?), Saadon, 1927, p. 23. 

Habitat. — Sandon doubtfully records it from wet paddy 
soil from Madras, Coimbatore. 



267. Oxytrichasp. 

Oseytrioha sp., Chatidhuri, 1929, p. 64. 

Chaudhuri mentions Oxytricha sp. as a new record, but the 
locality is not iadicated in his Table m. 



Genus STYLOmrCHIA (Ehrenberg, 1830) emend. Stein, 

1859. 

StylonycUa, Ehrenberg, 1830, p. 120 ; 1838, p. 370 ; Claparfede & 
Laehmaim, 1858-61, p. 164 ; Stein, 1859 d, p. 146 ; Promentel, 
1874, p. 162 ; Kent, 1880-2, p. 790 ; Btitsohli, 1887-9, p. 1749 ; 
Eoux, 1901, p. 103 ; Lepsi, 1926 o, p. 82 ; Wenyon, 1926, p. 1221 ; 
Scshoenicshea, 1927, p. 236 ; Sandon, 1927, p. 197 ; Beichenow, 
1929, p. 1207 ; Kabl, 1930-5, p. 617. 

Free-swimming, medium-sized to very large, elongate-oval, 
persistent in shape ; dorsal surface convex, ventral flat. 
Peristome half as wide as the body, extending up to the 
middle, witii its right border curved in a S-like manner, not 
or only slightly bent at, its ajiterior end towards the left. 
Eight frontal cirri tsrpieally situated ; five claw-like ventral 
styles or unoini arranged in two rows ; and five straight anal 
styles, as in Oooytridha. The noarginal setae form on each side 
an even and continuous border, but are in most species sepa- 
rated at the posterior extremity by a gap in which are situated 
three very long bristle-shaped caudal styles, diverging at the 
end. Maeronucleus double, oval or elongate. Contractile 
vacuole single, spherical, situated near the posterior angle 
of the peristome. Locomotion quick, swimming and creeping, 
but not shooting backwards. Inhabiting salt, fresh and 
stagnant water. 

BLahl (1930-5) regards Styhnychia as a subgenus of Oxytricha 
Ehrbg. 



STTLONYCHtA. 
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268. Stylonychla postulata Ehrenberg. (Kg, 180.) 

Kerana pusbukOa (?), Muller, 1786, p. 246, pi. xxsiv, flgs. 14, 16. 
Kercma aUurus {!), Muller, 1786, p. 244, pi. xxxiv, figs. 9, 10. 
Kerona ymstulala, Ehrenberg, 1830, pp. 63, 63 ; 1831, p. 119. 
StylonycMa pustidata, Ehrenberg, 1836, p. 164 ; 1838, p. 371, 

pi. xlil, fig. 1, 
JCerona ptiattdata, Dujardin, 1841, p. 423, pi. vi, fig. 10; pi. sdii, 

fig. 7. 
Stylhnychna piistulata, daparMe & Lachmaon, 1858-61, p. 161, 

pi. vi, fig. 2; Stein, 1859 d, pp. 161-6, pi. ix, figs. 1-16; 

Fromentel, 1874, p. 274, pi. xiv, fig. 9 ; Kent, 1880-2, p. 791, 

pi. slv, flgs. 15-17. 
fStylonyohia pustiHata, Daday, 1898, p. 8. 
Btylonychia pustiukaa, Rous, 1901, p. 104, pi. vi, fiig. 9. 
fStylonychia pustulata, Bhatia, 1922, p. 33. 
Stylonychia jmsiulata, Lepsi, 1926 a, p. 86, fig. 467 ; Schoonichen, 

1927, p. 237, fig. 753. 
■fStykmychia pitstiUata, Bhatia <& MuUick, 1930, pp. 401-2. 
StylonycMa pustulata, Kahl, 1930-5, p. 619, fig. 121, 21, 21a. 

Body elongate-oval, equally wide in front of and behind 
the median line, the posterior extremity evenly rounded. 
IVontal cirri eight ; ventral cirri five, not arranged in a row ; 
anal styles five, three or four of ■which project beyond the 
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Kg. 180. — SlyUnvgdwa pustulcOa Ehrenberg. A, anus ; S, oytostome ; 
Ma, maoronuoleiis ; M.O, undulating membrane; V.C, 
oontractiJe vacuole ; Z.A, adoral zone. (After Koux.) 
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posterior border ; Ubiee long, divergiag caudal styles, inter- 
ruptiiig the marginal setse at the posterior end of the body. 
Peristome not quite half the length of the body, "wiih a very 
narrow, indistinct undulating membrane. Contoctile vacuole 
close to the middle of the body. Macronucleus consisting 
of two oval parts, with a micronucleus lying close to each. 
Cysts spherical with warty projections. 

Dimensions. — ^Length 150-220 p.. 

Occurs in salt, fre^ and stagnant water, iofasicns, and soil. 
Tolerant of carbon dioxide. 

Bemarles. — ^In the specimens found at Lahore the frontal 
cirri were eight ia number and arranged in the characteristic 
manner ; ventral setse were present but not distinct, and 
their number could not be ascertained ; anal styles were five 
in number, turned back, and projected beyond the posterior 
end of the body. The marginal cilia were set within the 
border, and the row was interrupted at the posterior end by 
the three caudal styles characteristic of the genus, but these 
were not very long. The macronucleus was central, con- 
sisting of two parts, oval in outline, and one part was partly 
overlying the other, no connecting thread being present. 

The Srinagar specimens resembled closely those from Lahore 
except that they measured 50-60 /* only. The macronudear 
portions lay at some distance from one another and the 
caudal styles were situated close to one another. 

Habitat. — ^Pond water : KIashmie, Srinagar ; PrnirjAB, 
Lahore ; and Cbylon", Kandy. 

269. Stylonychla sp. 

^StyUmyiMa sp., Chaudhuri, 1929, p. 54. 

Ecihitat. — Soil from Uisitbd PnovmoBS, Agra. 



3. Subfamily PSILOTRICHIN^ ButsohU, 1889. 

IVontal and ventral cirri much reduced ; ventral cilia, 
apart from drri, entirely absent. Anal cirri often present. 

Genus BALLADINOPSIS Ghosh, 1921. 

BaCUtdinopsia, Ohosh, 1921 b, p. 248. 
BcMadynopsis, Kahl, 1930-5, p. 592. 

Body rigid, elliptical, somewhat narrower anteriorly, 
rounded and wide posteriorly. Dorsal surface convex, 
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ventral slightly convex. Peristome narrow and extending 
to two-tiiirds of the length of the body. Ventral drri three 
in number and placed near the right peristomial margin in 
the anterior half of the body ; anal cirri five, long, protruding 
beyond the posterior znargin of the body. Contractile vacuole 
single, mediaa, near the right margin. Maoronuclei two, 
oval. 

The genus is represented by a single species, and resembles 
BaUadyvM kowalewshi in having a rigid body and elongated 
marginal cirri, in the absence of frontal cirri, in the number 
and arrangement of anal cirri, in the somewhat elongated 
membranelles, in the number of macro- and micronuclei, 
and in having a single contractile vacuole. It differs, however, 
fix)m that genus in the absence of a single uniform row of 
ventral cirri and the bristles on the dorsal surface. 

Kahl (1930-5) considers it to be very likely a degenerate 
form. 



270. Balladiaopsis nuda Ghosh. (Fig. 131.) 

"^BaUadinopsis tmda, Ghosh, 1921 h, p. 248, fig. 1. 
BaUadynopsis nuda, Kahl, 1930-5, p. 593, fig. 86, SI. 

Body exhibits the characters given above under the genus. 
Peristome narrow, extending along the entire anterior margin 




Fig. 181. — BaBadmopsis nuda Shosh. (After Ghosh.) 

and the anterior third of the left side, whence it curves inwards 
to nearly the median line, reaching the junction of the anterior 
two-thirds and posterior one-third of the body-length ; mem- 
branelles long and narrow. Anal oiixi long, five in number, 
three on the left side in an oblique and two on the right side 



384 aiLioPHOBA. 

in a transverse row, all projecting beyond the posterior margin 
of the body. Marginal cirri long, arising from, the ventral 
sinface just inside the margin, on the right side extending 
along the entire margin, on the left from the middle and 
stopping short of the posterior end. Contractile vacuole 
placed near the right lateral margin in the middle of the body. 
Macronucleus consisting of two oval parts, each with a micro- 
nucleus, one placed anteriorly and the other just behind the 
middle of the body. 

Dimensions. — ^Length 63 n, breadth 20 /i. 

Habitai. — In vegetable infusions : Bengal, Calcutta. 



3. FamEy EUPLOTID^ Ehrenberg, 1838. 

Body constant in form. Cilia entirely replaced by cirri. 
Prontal, ventral, and anal cirri present. The anal cirri are 
characteristically five in number and specially strong, forming 
springing organs along with the ventrals and eaudals. A few 
mar^nal cirri present on the sides of the body or at the posterior 
end. Dorsal bristles present. Peristome harp-shaped or 
sickle-shaped. Adoral zone of membraneUes well developed 
on the anterior and left borders of the peristome. Contractile 
vacuole posterior, to the right of the anus. Macronucleus 
band-shaped, curved. 



Genua BUPLOTES (Ehrenberg, 1831) emend. Stein, 1869. 

XwploUa, Ebienberg, 1831, p. 118 ; 1838, p. 377. 

Ploeaeoma, Dujaxdin, 1841, p. 431. 

Bw[ioUs, CSlapaxMs & Laobmaun, 1858-61, p. 168 ; Stein, 1859 <2, 
p. 133; I'romentel, 1874, p. 164; Keat, 1880-2, p. 797; 
Butsohli, 1887-9, p. 1752 ; Boux, 1901, p. 108 ; Lepsi, 1926 a, 
p. 80; Weayon, 1926, p. 1221; Sohoenioheii, 1927, p. 240; 
Sandon, 1927, p. 198 ; Reiohenow, 1929, p. 1207 ; Kudo, 1931, 
pp. 389-90 ; KaM, 1930-5, p. 628 ; CaDrin, 1933, p. 621. 

Free-swimming. Body constant in form, shield-shaped, 
colourless and transparent, or greenish through the presence 
of zoochloreUse. Dorsal surface more or less convex, some- 
times smooth, but generally with sharp longitudinal ribs. 
Ventral surface flattened, provided in its middle part withmore 
or less elongated farrows running longitudinally. Peristome 
harp-shaped or sickle-shaped, well developed, adoral zone of 
membranelles well developed on the anterior and left borders 
of the peristome. Fronto-ventral cirri well developed and 
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variable in number, usually nine or ten. Five strongly 
developed anal styles arranged in a transverse row. Four 
flexible marginal cirri, situated along the posterior border. 
Contractile vacuole single, spherical. Macronudeus band- 
shaped, curved. Locomotion swift, with frequent changes 
of surface And direction. Feeding on "Algae, detritus and 
Flagellates, etc. 

K^ to Iniian Species. 

1 (2). Tenfironto-ventral cirri, postero-margiaal [Ehrbg., p. 385» 

setsB iinbranohed. Lei^h 80 ;u E. chcmm (O. F. Mull.) 

2 (1). Nine fronto-ventral cirri, two postero- 

maiginal setss branched or fimbriated. [p- 386. 

Length lOfr-125 /I ^. jsafeito Ehrbg., 



271. Euplotes Charon (0. F. Miiller) Ehrenberg. (Fig. 182.) 

Trichoda eharon, O. T. MfiUer, 1773, p. 83; 1786, p. 229, pi. Trmni, 
figs. 12-20. 

Triohoda oimex, O. F. Muller, 1773, p. 84 ; 1786, p. 231, pi. TmriiV 
fi|^. 21-24. 

Ettplotea oharon, Ehrenbeig, 1838, p. 378, pi. sdii, fig. z. 

Eziplotes app&nMauJaMta, Ehrenberg, 1S3S, p. 379, pi. xlii, fig. zii. 

Plaaconia cfuiron, Dujardio, 1841, p. 439, pi. 3;^ figs. 8, 13. 

Plosaooma afflma, Dujardin, 1841, p. 441, pi. vi, G%. 7. 

Plcesoonia aubrotu/nda, Dujardio, 1841, p. 441, pi. xiii, fig. 6. 

Plcsaoonia radioaa, Dujaxdin, 1841, p. 442. 

PUssconia longiremis, Dujardin, 1841, p. 442, pi. x, figs. 9, 12. 
iHinumtophorua oharon. Carter, 1856 6, p. 132, pi. vii, fig. 86. 

Euplotes eharon, ClaparMe & Laohmann, 1868-61, p. 173, pi. vii^ 
fig. 10 ; Stein, 1869 d, pp. 137-40, pi. iv, figs. 14-20 ; Fromentel, 
1874, p. 278, pi. xii, fig. 9 ; Kent, 1880-2, pp. 799-800, pi. xliv, 
figs. 26-9 ; Biitaohli, 1887-9, pi. hadi, fig. 29 ; Rous, 1901, 
p. 109, pi. vi, fig. 15 ; BuJlington, 1925, p. 272 ; Lepsi, 1926 a^ 
p. 83, fig. 396 ; Sohoeniohen, 1927, p. 240, fig. 766 ; Sandon, 
1927, p. 198, pi. vi, fig. 10 ; Reiehenow, 1929, p. 1207 ; Kudo,. 
1931, p. 390, fig. 167 a ; Kahl, 1930-5, p. 633, fig. 123, 13-lS; 
CalkinB, 1933, p. 160, fig. 89 D. 

Medium-sized. Shape regular, ovaJ, rounded at the two- 
extremities, slightly narrower in front than behind. Peri- 
stome rather narrow. Dorsal furrows not very distinct. 
Ten fronto-ventral cirri on the anterior half of the ventral 
surface. Posterior marginal setse small, not branched. Con- 
tractile vacuole posterior. Macronudeus band-shaped, curved. 

Dimensions. — ^Length 80 ji*, breadth 38-l6 /x. 

Salt and fresh water. Very tolerant of deficiency of 
oxygen. 

Habitat. — ^Fresh water : Bombay. 



CIL. 2 



386 



dXIOPEOBA. 



v.c 




T'ig. 182. — Ewplotes (Aaron (O. F. Miiller). B, oytostome ; Ma, maoro- 
nuoleus ; V.C, oontraotile vacuole ; Z.A, adoral zone. 
(After Koxuc.) 



572. Euplotes patella (0. F. Miiller) Bhrenberg. (Kg. 183.) 

Kerona pateUa (?), Muller, 1786 p. 238, pi. xxxiii, figs. 14^17. 

Buphtes patella, Ehrenberg, 1838, p. 378, pi. xlii, fig. is. 

Mt^htes viridia, Efarenberg, 1840, p. 200. 

PloBaconia patella, Dujaxdin, 18il, p. 435, pi. viii, figs. 1-4. 

Evphtes patella. Stein, 1859 d, pp. 135-6, pi. iv, figs. 6-11 ; 
ClapaiMe & Ladunann, 1858-61, p. 170, pi. vii, figs. 1, 2 ; 
Keat, 1880-2, p. 798, pi. 3div, figs. 23-5. 

Evphtes paradoxa, Kent, 1880-2, p. 798. 

Svplotes pateOa, Butsohli, 1887-9, pi. Ixxii, fig. 2 ; Eoiax, 1901, 
p. 109, pi. vii, fig. 1 ; Taylor, 1920, pp. 403-70, pis. x3±e- 
sxsju. ; BuUiagton, 1925, pp. 249, 272 ; Lepsi, 1926 a, pp. 82-3, 
fig. 398 ; Wenyon, 1926, p. 1221, fig. 527, A, B ; Sohoeniohen, 
1927, p. 240, pi. xiii, fig. 18 ; Saixdon, 1927, p. 199. 

■fShtphtea patdUi, Madhava Bao, 1928, p. 114, pi. ii, fig. 2. 

Evplotea pateOa, Kudo, 1931, p. 390, fig. 167 6. 

Evplotes (Triohoda) patella, Kahl, 193&-5, p. 639, fig. 124, 1, 2. 

Ewphtea pateOa, Calkms, 1933, pp. 94, 129-30, 182, figs. 48, 72, 96. 

Medium-sized to large. Roughly oval, truncated in front 
and rounded posteriorly, breadth nearly equal at the two 
extremities. Peristome -well developed, wide anteriorly. Ventral 
surface vidth longitudinal ridges in the neighbourhood of anal 
eirri. IVonto-ventral cirri nine, anal five, marginal four, 
the two on the right being branched or fimbriated. Con- 
tractile vacuole posterior. Miioronucleus band-shaped, curved. 

Dimenaions. — ^Length 100-126 [i, breadth 60-75 /t. 

Food largely Diatoms and other Algse. Salt and fresh water. 

EabUat.—Soil : Mysoebi. 
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Fig. 183. — a. Eiiplotes pcOeOa (O. F. Mtjller). B, oytostome ; Ma, 
macronucleus ; Mi, imcromicleiis ; V.U„ oontraotile 
vacuole ; Z.A, adoral zone. (After Roux.) 
&. Micro -dissection of Eieplotes patella. A. Individual f^th 
lateral cut, shewing distribution, of the various struotures. 
B. Keuromotor apparatus isolated. a.o., fibres to anal 
cirri ; a J'., basal plates of anal cirri ; m, raotorium ; 
m.f., membranelle fibre ; JPl., membranelle plates. 
(After Taylor.) 
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4. Family ASPIDISCID^ Ehrenberg, 1838. 

CSlia are entirely replaced by cirri. Frontal, ventral, and 
anal cirri present. Marginal cirri completely absent. Peri- 
stome very small, shifted to tbe left margin of the body ; 
it lies covered by a transparent fold extendmg from the right 
margin of the body. Adoral zone of membranelles confined 
to the left and not marking off a frontal field. Dorsal 
bristles absent. Contractile vacuole posterior. Maeronucleus 
band-shaped, curved. 

Key to Indian Qen&ra. 

1 (2). Peristome begins at the anterior end, [p. 388. 

7 fronto-ventral and 5 anal cirri .... Aspidisoa Ehmbg., 

2 (1). Peristome begins at the left lateral 

margin, 4 frontal well diSerentiated [p. 391. 

isom. 5 ventral, and 5 anal oirri Asfidisoopsis Ohosh, 

Genus ASPIDISCA Ehrenberg, 1830. 

AapidMca, Ehrenberg, 1830, p. 42 ; 1838, p. 344 ; DnjardiDi, 1841, 
p. 448 ; Claparfede & Laohmann, 1858-61, p. 188 ; Stein, 1859 d, 
p. 121; Fromentel, 1874, p. 164; Kent, 1880-2, p. 792; 
Butsohli, 1887-9, p. 1734 ; Boux, 1901, p. 110 ; Lepsi, 1926 o, 
p. 80 ; Sohoenichen, 1927, p. 241 ; Reiohenow, 1929, p. 1207 ; 
Kudo, 1931, p. 390 ; Kahl, 1930-6, p. 643 ; CaUdns, 1933, p. 521. 

Free-swimming. Very small or small, encnirassed, orbicular 
or shield-shaped. Dorsal surface more or less convex. Ventral 
surface plane, with its right border thickened. Peristome 
set far back on the left side, with a simple arcuate fringe of 
adoral cirri; the right border of the peristome spread out 
into a plate covering the furrow more or less completely, 
and sometimes projecting beyond the left margin of the body. 
Cirri strong and long, seven fronto-ventral cirri (in two species 
nine to fifteen antmor fronto-ventral cirri), and from five to 
twelve transverse or anal styles. Anal aperture placed far 
back, a little in advance of the posterior or anal styles. 
Contractile vacuole single, posterior. Maeronucleus curved 
in a horseshoe-shaped manner. Locomotion irregular. Salt 
or fresh water. 

Key to Indian Species. 

1. Transverse cirri at some distance fi»m 
the posterior end; 3 right transverse 
cirri situated in an anterior group 
' apart from the others 2. 

2 (3). Dorsal surface smooth or with 3 feeble [p. 390. 

longitudioal furrows A.lynceic8{0.'B'.M.iiR.), 

3 (2). Dorsal surface with 5 or 6 weU-marked [Stein, p. 389. 

longitudinal furrows A. oostata (Duj.) 
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273. Aspidlsca eostata (Dujardin) Stdn. (Fig. 184.) 

Loxodes plicatus {?), Bhreaberg, 1838, p. 326, pi. rsxiv, fig. 4. 

Oocoudina eostata, Dujardin, 1841, p. 446, pi. x, fig. 1. 

Aspidisca ekada, daporMe & Lachmaon, 1858-61, p. 190, pi. vii, 

figs. 13-15. 
Aspidiaea eostcOa, Stein, 1869 d, p. 125, pi. iii, figs. 15-17 ; Kent, 

1880-2, pp. 794^5, pi. xlv, figs. 25-29; Roux, 1901, p. Ill, 

pi. vii, fig. 3. 
fAapidiaea coatata, Bhatia, 1920, p. 262. 
Aspidisca eostata, BuUington, 192S, p. 272 ; Lepsi, 1926 a, p. 83, 

fig. 412 ; Sehoeniehen, 1927, p. 242, fig. 769. 
Aspidisca (Oocauiima) eostata, £alil, 1930-5, p. 645, fig. 126, 3. 

Body nearly ovate, rounded at both extremities, wider 
in the posterior paxt of the body. The right border of the 
peristome forms a %vide plate, which extends beyond the left 
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Fig. 184. — Aspidisca eostata (Dujardin). B, cytostome ; Ma, macaco- 
nucleus ; V.O. contraotile vacuole ; ZA, adoral zone. 
(After Roux.) 

Fig. 186. — Aspidisca lynceus (0. F. Mtiller). Lettering as in the 
previous figure. (After Roux.) 

border of the body and is rounded posteriorly, terminating 
near the anal cirri. Dorsal surface convex, traversed by five 
or six well-marked longitudinal farrows. IVonto-ventral styles 
seven in number, forming two anterior, oblique, parallel rows 
of three each, the seventh style stationed by itself to the right 
and rear of the other six ; anal styles five. 

JJimensMMM.— Length 30-40 /t, width 22-31 /i. 

Remmks. — ^The form exhibited six deep furrows on the 
dorsal surfece, along which were also seen distinct rows of large 
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bristles. Specimens belonging to this species were also 
found in a sample of pond water sent from Lucknow by 
Dr. G. S. Thapar. 

Hahitat. — ^Pond water : Pthstjab, Lahore ; United Peo- 
VINCHS, Lucbaow. 



274. Aspidisea lynceus (0. F. Miiller). (Fig. 185.) 

Trichoda lyncms, 0. F. Muller, 1773, p. 86; 1786, p. 226, pi. xxxii, 

figs. 1, 2. 
Aspidisea lynceus, Bhrenberg, 1838, p. 344, pi. xxxrs, fig. 1. 
OocauMna orassa, Dujaxdin., 1841, p. 446, pi. x, fig. 2. 
Aspidisea lynceus, Cisepaxhde & Lachmarm, 1858-61, p. 191, pi. vii, 

fig. 16; Stein, 1859 rf, pp. 123-4, pi. iii, figs. 4-10; Kent, 

1880-2, p. 793 ; BGtsdhli, 1887-9, pl.lxxii, fig. 5 o ; Botix, 1901, 

p. 110, pi. vii, fig. 2. 
■f Aspidisea lynceus, Bhatia, 1920, p. 263. 
Aspidisea lynceus, Lepsi, 1926 a, p. 83, fig. 411 ; Schoeniohen, 1927, 

p. 242, pi. sdii, fig. 19 ; Reiohenow, 1929, p. 1207, fig. 1188, D ; 

Kudo, 1931, p. 391, fig. 168o ; Kahl, 1930-5, p. 644, fig. 125, 6. 

Body ovate, widest and somewhat truncate posteriorly ; 
the marginal border of the carapace entirely even, the left 
margin less strongly convex than the right. The right border 
of the peristome does not extend beyond the left margin 
of the body, but is rather pointed posteriorly. Dorsal surface 
smooth or marked longitudinally with three feeble furrows. 
Ventral surface bearing seven fronto-ventral and five anal 
styles. 

Dimenaions. — ^Length 30-50 /t, maximum width 25-32 jn. 

Fresh water or salt water. 

Bemarks. — ^As observed at Lahore, the animal would swim 
round and round, now from left to right, now from right to 
left, sometimes stopping and jimiping or creeping forward. 
The body was rigid and constant in form, the anterior end 
narrower and wilJbi a cleft under its overlap. The peristomial 
cleft was very small, arising from the left margin of the body, 
and with a very short zone of adoral cirri. The dorsal surface 
was smooth, and not furrowed or provided with a backwardly 
pointing staJk. Five distinct anal styles were present. There 
were seven other styles situated on the ventral surface of the 
body, four on the central part and three near the anterior 
end projecting beyond the anterior extremity. The con- 
traotfle vacuole was situated on the right side a little in advance 
of the anal styles. The nucleus was horseshoe-shaped. The 
specimens were smaU and measured only 24 /* by 21 /*. 

Habitat. — ^Presh water : Punjab, Lahore. 
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Genus ASPIDISCOPSIS Ghosh, 1921. 
AspicKscopais, Oliosh, 1021 b, p. 249. 

Body broadly ovate, narrow and rounded anteriorly ana 
broadly subtrunoate behind. Dorsal surface convex, with 
six or seven longitudinal ribs. Right margin of the body 
evenly convex, left margin with a shallow notch just behind, 
the anterior end. Peristome obliquely crescentio, occupying' 
the postero-lateral portion of ventral surface, with membranelles . 
Frontal cirri four, ventral cirri five, anal cirri five. Con- 
tractile vacuole posterior. Macronucleus band-shaped, curved 
like a bow, and placed to the left of the median line. Move- 
ments brisk. 



275. Aspidlseopsis bengalensis Ghosh. (Fig. 186.) 

■fAspidiaoopais hengaUnsis, Ghosh, 1921 6, pp. 249-230, fig. 2. 
Aspidisca (Aspidisoopais) bengai&nais, Kahl, 1930-5, p. 844, fig. 125, 
26. 

Body broadly ovate, narrow and tapering to a rounded 
end in front, broadly and obliquely subtnmcate behind. 




Fig. 186. — Aapidiaeopaia bengalenaia Ghosh. (After Ghosh.) 

Dorsal surface convex, with six or seven longitudinal ribs. 
Right margin evenly convex, left margin with a shallow notch 
just behind the anterior end, but uniformly convex behind 
the notch ; notch produced into a groove on the ventral aspect. 
Peristome obliquely crescentio, occupying the postero-lateral 
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portion of the ventral surface, from the left margin to half- 
way across the posterior portion of the body, provided with 
about eight membranelles. iFrontal cirri four, just in. front 
of the notch. Ventral cirri five, one behind the notch, another 
further behind and more median, the next two stout and lying 
side by side, and the fifth one behind and to the left of these. 
Anal oimL five, four on the right are long, stout, and placed 
.side by side, the fifth one somewhat separated, smallest, 
and on the left. Contractile vacuole posterior. Macro- 
nucleus band-like, curved like a bow, and placed obliquely 
to the left of the median line. 

Dimermons. — ^Length 21-4 /*, breadth 16 /a. 

Habitat. — ^Pond water : Bebtoal, Calcutta. 
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III. Order PERITRICHA Stein. 

The majority of the Pbeitbicha are typically bell-shaped, 
attached forms ■with or without prolongations of the posterior 
(aboral) end in the form of a stalk. The stalk may or may not 
contain a myoneme thread, and is consequently either highly 
contractile or rigid. Generally there are no oUia on the body. 
The anterior (oral) end of the body forms the peristomial 
jfield and bears a projecting peristomial disc whieh carries 
the adoral zone of cUia. This consists of two parallel ciliary 
girdles which run round spirally to the left (contra-clockwise) 
and are continued down into tide vestibule. The outer girdle 
consists of a single row of eUia fused to form the outer peri- 
stomial membrane which projects out radially over the peri- 
stomial border, forming a kind of circular shelf. The inner 
girdle consists of two rows of cilia, which are neither completely 
free nor completely fused to form membranes. They are 
fased proximally, but are frayed out into separate ciHa at the 
tips. They are obliquely placed and produce by their move- 
ment a whirlpool, bringing particles of food, which is directed 
towards the vestibule by the outer membrane. Both the 
girdles run spirally to the bottom of the vestibule. Where 
the outer membrane descends into the vestibule its base parts 
company with the bases of the inner membranes and follows 
the outer wall of the vestibule in its descent into the iaterior 
of the cell. This descending portion of the outer membrane 
is composed of much stronger ciLLa, which are fused into a 
typical, definite undulating membrane. The peristomial 
groove runs between the margin of the bell or the peristomial 
border and the margin of the ciliary disc, and is continued 
down as a deep funnel-shaped vestibule, at the bottom of 
which is situated the cytostome, followed by a delicate, non- 
ciliated oytopharynx which remains collapsed except when 
a food.-particle passes down it. A single contractile vacuole 
is situated to one side of the vestibule and communicates 
with a reservoir which opens into the vestibule. Anus is 
situated close to the cytostome and also opens into the 
vestibule (fig. 187). Macronucleus is usually horseshoe-shaped 
or band-shaped. Micronucleus is minute, situated dose to 
the macronucleus. 

Binaxy fission is apparently longitudinal, but this is due to 
the special modificalaon of the body, the morphological dorsal 
and ventral surfaces being represented by the oral and aboral 
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ends. Conjugation is anisogamous, ditnorphic conjugants 
are formed, and the fusion is complete and permanent. 

The majority of the Pbritbicha are sedentary throughout the 
greater part of their existence. In the primitive forms {Scy- 
phidia) the attachment is made by the aboral end, which acts 
like a sucker. In other cases the body is provided with a 

/to 







Fig. 1S7. — ^Diagram showing the structure 
of a typical Voiticellid. AM^, inner 
adoral row of cilia ; AM*, xoiddle 
adoral row of cilia; AJUP, outer peri- 
stomial membrane ; V, contractile 
vacuole; JPF, food-vacuole; ikfa, macro- 
nucleus ; Mi, micronucleus ; My, 
xayoneme ; My.t, myoneme thread ; 
PB, peristomial border ; POG, posterior 
ciliary girdle ; PD, peristomial disc ; 
PGf, penstomial groove ; PeU, pellicle ; 
Phx, cytopharynx ; iJ, reservoir; TG, 
thecoplasmic graniilea ; Utti, undulating 
membrane in the vestibule ; Vat, vesti- 
bule. (After Nolaud & Pinley : lettering 
somewhat altered.) 

staJk which is rigid {Epistylia) or spiraJly contractile (Vorticeila, 
Ga/rchesiv/m) . Many of these stalked forms form large branching 
colonies. Even in the stalked forms the individual may, 
after developing a posterior girdle of dlia, detach itself from 
the stalk and swim away as a solitary individual, only to 
settle again somewhere and develop a new stalk. Apart 
from this posterior girdle the body (^ia are, as a rule, absent 
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in Vorticellidae, but may be present in Uroeolidae. Some 
genera {Goihwmia, Vaginicola) secrete a tabe which, is attached 
to some animal or plant, or a colony of stalked individuals 
may secrete a common gelatinous covering (Ophydium). 

Kahl (1933) has clashed the order into two suborders, as 
follows : — 

1 (2). Capable of moving from place to place ; 

■with a posterior ciliary girdle; usually [p. 395. 

ectoconnnensal on Metazoa Suborder IffobiUa, 

2(1). Sessile in the fiilly developed condition . . Suborder Sessilia, 

[p. 393. 



1. Suborder MOBILIA Kahl, 1933. 

The suborder includes a single family, Urceolariidae Stein, 
which is not known from India so far. 



2. Suborder 8E8SILIA Kahl, 1933. 

The suborder is divided into two tribes : — 

1 (2). Without test Tribe Alorieata, p. 395. 

2 (1). With test Tribe Lorieata, p. 418. 



1. Tribe ALORICATA Kahl, 1933. 

Usually bell-shaped, with or without a staJk, which may be 
spirally contractile or rigid. Ordinarily no cUia on the body. 
Posterior dlia, when developed, temporary. Oral end of the 
body shows the peristomial field and bears a projecting disc 
which carries the adoral zone of ciUa. The adoral zone consists 
of two or three parallel ciliary girdles running spirally to the 
left (contra-clockwise) and continued down into the vestibule. 
Peristome is surrounded by a raised, contractile peristomial 
border, which closes over the disc and the cilia when the 
organism retracts. Peristomial groove is continued down as 
the vestibTile, at the bottom of wMch is the cytostome, followed 
by a short cytopharynx. Contractile vacuole and anus both 
open into the vestibxde. Maeronucleus horseshoe-shaped or 
band-shaped. Micronucleus single. Binary fission appa- 
rently longitudinal. Conjugation anisogamous. 

It is very interesting to watch a living VorticeUid. It not 
only springs forwards and backwards by the expansion and 
contraction of the stalk, but has also the power of opening out 
or contracting its anterior end. ' When fully expanded the 
peristomial border is everted, like the rim of a bell, the disc 
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is protruded, and the whorls of cilia are seen working beauti- 
fully. In some species the disc is protruded far above the 
periatomial border, in others it scarcely reaches on a level 
with it. When the organism contracts the disc is withdrawn, 
the cilia turned in, and it is covered over by the peristomial 
border folding in, the body thus assuming a pyriform shape. 

Identification Table of Families. 

1 (2). Stalkless ; with a cup-like oigan of 

attachmeat at the posterior end [p. 396. 

(generally attached on bodies of SeyphidUdse ICahl, 

Metazoa) 

2 (1). With stalk in the adult state 3. [p. 398. 

3 (4). Stalk with a contractile tibread Vorticellldsa Stein, 

4(3). Stalk without a contractile thread .... EpistylldSB Kahl, p. 413. 



1. Family SCYPHIDIIDiE Kahl, 1933. 

The family includes VorliceUa-Vike organisms which do not 
possess a staJk even in the adult condition. The organisms 
are attached to the body of various animals by a cup-Hke disc 
at the posterior end. 

Genus SCYPHIDIA (Dujardin, 1841) Lachmann, 1856. 

Scyphma, Dujardin, 1841, p. 538; Lachmann, 1856, p. 348 
Clapar^de & Lachmann, 1858-61, p. 115 ; Fromentel, 1874 
p. 144 ; Kent, 1880-3, p. 658 ; ButsoMi, 1887-9, p. 1761 ; Eoux, 
1901, p. 114; Lepsi, 1926a, p. 88; Sehoeniohen, 1927, p. 246 ; 
Beichenow, 1929. p. 1209 ; Calkins, 1933, p. 622 ; Kahl, 1933, 
p. 124 ; 1930-5, p. 669. 

Animalcules solitary, medium to large sized, form variable, 
cylindrical or nm-shaped, highly contractile, adherent pos- 
teriorly to foreign bodies by means of a specially developed 
acetabuMorm organ of attachment. Surface of the integu- 
ment often transversely or obhquely furrowed. Body 
without dlia. Oral end with a ciliary disc provided with 
two ciliary girdles, running in a contra-clockwise spiral. 
Margin of the peristome padded, rarely turned down. Peri- 
stomial groove continued as a vestibule, with the cjrtostome 
at its end. Position of contractile vacuole variable. Macro- 
nucleus of variable form. 

Key to Indian Species. 
1. Body elongate, transversely -wrinkled. Macro- [p 397 

nucleus spherical ..... S. mdica. s-p. n., 

z. JSody cylmdnoal, shghtly wider posteriorly, [Ghosh, p. 398. 

smooth. Maoronucleus a spiral band S. pumienaia. 
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276. Scyphidla indlea, sp. nov. (Fig. 188.) 

■fScyphidia fromerUdlii (?), Bhatia, 1920, p. 263. 

Body elongate, um-shaped, anteriorly truncate, the pos- 
terior extremity contracted, stalk-Mke, not longitudinally 
plicate, remainder of the body transversely wrinkled. Peri- 
stomial margin thickened and eversible. Contractile vacuole 
single. Macronucleus spherical. 

Dimensions. — ^Length 52 ju. 

Fresh water, on Da^knia. 

Bemarks. — The specimens were found in Lahore, and were 
originally with some hesitation referred to S. fromentelMi 
Kent. The body was small, measuring 52/* by 25 yn, form 
elongated, posterior end thirmer and provided with a rotmded 
suckmg-cup. In a specimen detached &om the host this 
posterior end was seen to contract independently, as in sucking. 
The body surface was transversely wrinkled and the posterior 
extremity was not longitudinally plicate. The peristomial 
margin was thickened and eversible. The contractile vacuole 




Fig. 188. — Soyphidia indica, sp. nov. O.V., contractile vacuole ; 
N, nucleus. 

was single, placed anteriorly in front of the middle of the 
body. Kent records having received " specimens of the Ento- 
mostracan Da/phnim ptdea: extensively invested with a minute 
sessile Vortieellidan agreeing in all respects, except for the 
presence of a single and normally located contractile vesicle, 
with the species now under discussion as figured and described 
by De Fromentel." The form that came under my observa- 
tion differs from the t3rpe of S. fromeTUellii, as recorded by 
Kent, not only in possessing a single normally located con- 
traotUe vacuole, but also in the body stirface being trans- 
versely wrinkled and the posterior extremity of the body not 
being longitudinally phcate. In its shape and in being trans- 
versely wrinkled it agrees with S. amoebea GrenfeU, but differs, 
from it in the absence of an irregular shaped plate at the 
posterior extremity and in the form of the macronucleus. 
I consider that it is a hitherto undescribed species. 
Habitat. — ^Pond water : Punjab, Lahore. 
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277. Scyphidla purnlensis Ghosh. 

fSoyphidia pumiensia, Ghosh, 1923, p. 74. 

Body cylindrical, slightly wider posteriorly ; spheroidal 
when contracted. Surface smooth. Peristomial margin thin 
and slightly everted, but not revolute ; peristomial groove 
shallow ; ciliary disc not elevate ; vestibule prolonged back- 
wards as a narrow straight canal beyond the middle of the 
body-length. Contractile vacuole beneath the peristome at 
the side of the vestibule. Macronucleus a spiral band of 
more than two tiims. 

Bemarks. — ^Neither a drawing nor dimensions axe given by 
the author of the species. It is said to agree with S. jxxteLla 
Cu6not in having the body surface smooth, but to differ from 
that species in its wider posterior end and from all known 
species in its spiral band-like macronucleus. 

Habitat. — Pond water : Bengal, Pumea. 



2. Family VORTICELLIDiE Stein, 1859. 

Body without test. Posterior end of the body provided 
with a oontraotQe stalk, which may be simple or branching. 

Key to Genera. 

1 (2). Stalk not branching Vortioella Linn., 

2 (1). StaJk hramohing 3. [emend. Ehrbg., 

3 (4). Contractile threads in. the lateral [p. 398. 

branches not united with the thread 

in the main stalk CABOHEsroM Ehrbg., 

4 (3). Contractile threads from the lateral [p. 409. 

branches continuous with the thread 

in the main atalk ZooxHAicmini* St. 



Genus VORTICELLA (Linnssus, 1767) emend. 
Ehrenberg, 1838. 

VortkeOa, Linnffius, 1767, p. 1317; O. P. M-uller, 1773, p. 96; 
Ehrenberg, 1838, p. 269 ; Dujardin, 1841, p. 546 ; Clapar^de & 
Laohmaam, 1868-61, p. 94 ; Stein, 1867, p. 168 ; Greef, 1870, 
pp. 353-84 ; 1871, pp. 185-221 ; Fromentel, 1874, p. 141 ; 
Kent, 1880-2, p. 667 ; Bfitsohh, 1887-9, p. 1763 ; Boux, 1901, 
p. 116; Penard, 1922, p. 251 ; Lepsi, 1926o, p. 87; Wenyon, 
1926, p. 1223 ; Schoeniohen, 1927, p. 248 ; Sandon, 1927, p. 200 ; 
Reichenow, 1929, p. 1210 ; Noland & Finley, 1931, pp. 81-123, 
Kudo, 1931, p. 394 ; Calkins, 1933, p. 522 ; Kahl, 1933. p. 125 ; 
1930-5, p. 712. > i- > 

Animalonles small or medium-sized, ovate, sphseroidal, 
pyriform or campajmlate, attached posteriorly by a simple, 
nndivided, more or less elongate and thread-like pedicle 



VOBTIOELLA. 399 

which encloses an elastic, spirally disposed, contractile axial 
filament ; on contraction the pedicle suddenly assumes a 
much shortened and usually corksorew-like contour. Adoral 
zone consists of two or three parallel ciliary girdles running 
spirally to the left (contra-clockwise), the right limb of which 
descends into the vestibule and the left hmb is obliquely 
elevated and encircles the ciliary disc. The entire adoral 
zone is contained within and bounded by a more or less 
distinctly raised annuUtr peristomial border, between which 
and the elevated ciliary disc, on the ventral side, the widely 
excavated oral fossa or vestibule is situated ; the vestibule is 
continued further into a cleft-like cytopharynx. Anal 
aperture opening into the vestibular fossa. Contractile 
vacuole single, spherical, usually opening into a reservoir, 
which in turn opens into the vestibule. Maeronucleus almost 
always elongated, band-shaped, with a micronucleus lying 
close to it. 

The animals possess, in aU eases, separate spirally eon- 
tractile stalks, with which they attach themselves to other 
objects. Some species are, however, colonial, occurring in 
httle " families," fixed and appearing as white little clouds 
amongst the roots of Lem/na, the feathery leaves of Gerato- 
'phyllum and other plants, on the tentacles and legs of cyclopods, 
beetles, water-lice, crabs and other animals, as also on the 
walls of the vessels containing pond water. Often the whole 
family suddenly contracts together, all zooids acting simul- 
taneously, and then again extend themselves slowly and 
majestically. Inhabiting salt and fresh water, many species 
only in clear water, others only in water with decaying matter. 

Key to IvAian Species. 

1 (12). Cuticular surface smooth 2. 

2 (5). Body conical or elongate 3. 

3 (4). Body elongate, cylmdiical, aboat 

thrice as long as broad. Length [p. 407. 

15fi (?). Pedicle as long as body. . V. auicyUndrica Gbosti, 

4 (3). Body somewhat vase-shaped, one 

and a half times as long as 

broad, rounded in the middle, 'with 

constrictions above and below 

the middle. Body-length 15 ft (?). [p. 409. 

Pedicle twice as long as body .... V. subsimuita G-hosh, 

5 (2). Body not conical or elongate 6. 

6 (11). Body more or less campanulate .... 7. 

7 (10). Body broadly oampamilate 8. 

8 (9). Peristomial margin broad, padded. 

Sides of the' body curved. Body- [p. 400. 

length 50-157 ju. Pedicle thick . . V. camypamaki, !Bhmbg., 

9 (8). Peristomial margin broad, not padded. 

Sides of the body almost straight. 

Body-length up to 120 /t. Pedicle [p. 402. 

slender Y. cv^ima O.^ F. MtUI., 
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10 (7). Body conical-campanulate, widest at 

the anterior border and tapering 

thence ia a straight line to its poiat 

of junotion with the pedicle. Peri- 

stomial border thin. Body-length [p. 406. 

up to 90^. Pedicle slender V. pateUma Ehmbg., 

11 (6). Body ej^eroidal, posterior end 

tapering abruptly to a point. Peri- 

stomial margin half the greatest 

diameter of the body. Body-length 

25 fi. Pedicle four to five times [p. 404. 

the body-length F. globosa Ohosh, 

12 (1). Cutioulor surface transversely striated. 13. 

13. Body conical or elongate. 14. 

14. Body somewhat vase-shaped, broadest 

in the middle, and narrowing an- 
teriorly and posteriorly. 16. 

15 (16). Peristome not everted, about half the 

maximum width of the body. 

Body-length, up to 100 ^. Pedicle [p. 406. 

very slender V. mioroatoma Ehrnbg., 

16 (16). Peristomiftl margin widely everted 

and slightly less than the maximum 

width of the body. Body-length 

76 fi. Pedicle stout and less than [Ghosh, p. 407. 

twice the body-length V. suimwsrostxnna 

Yl. Body conical- campanulate, widest 

anteriorly 18. 

IS (19). Body scarcely twice as long as broad. 

Feristomial margin dilated, slightly 

revolute. Body -length up to 120 /*. 

Pedicle thick, three to six times [p. 403. 

the body-length F. cwivdO/xna Lion., 

19 (18). Body curved, one and a half times 

as long as broad. Peristotnial 

m.argla placed obliquely and 

slightly everted. Body-length 

15 /i (J). Pedicle slender, four to [p. 408. 

fivet imes the body-length F. vuhproeuh&na Ohosh; 

278. Vorticella eampanula Ehrenberg. (Fig. 189.) 

YmiAaiOa oaanpamnda, Ehrenberg, 1831, p. 92 ; 1836, p. 165 - 
1838, p. 273, pi. xarv, fig. iv. 

Foj-iiceZte limaHs, Dujardin, 1841, p. 664, pi. xiv, fig. 12. 

VortiDella campcamla, daparMe & Lachmann, 1868-61, p. 97 ; 
Fromentel, 1874, p. 232. pi. v, fig. 2 ; Kent, 1880-2, p. 678, 
pi. xxxiv, fig. 36. pi. xhx, fig. 12 ; Eoux, 1901, pp. 116-17, 
pi. vii, fig. 10. 
tForfuseZIa ecmvpamda, Bhatia, 1920, p. 263. 

VortieeUa ea/mpcmula, BuUington, 1925. p. 269 ; Lepsi, 1926 a, p. 91, 
fig. 512 ; Schoeniohen, 1927, p. 250. fig. 771, pi. xiii, fig. 266 • 
Sandon, 1927, p. 201 ; Noland & Finley, 1931, pp. 105-6, 
figs. 18-26; Kudo, 1931, p. 394, fig. 169 e; Kahl, 1930-5, 
p. 722, fig. 125, 21. 21a. 

Body usually broadly campanidate or hemispherical, but 
soft and very variable in contour ; when contracted sub- 
spheroidal, -with a puckered anterior margin. The frontal 
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margin widely dilated, often exceeding in width the length 
of the body ; the ciliary wreath apparently forming two or 
more spiral convolutions. Pedicle thick, varying from three 
or four to six or seven times the length of the body. Cutioular 
surface smooth, highly elastic ; parenchyma densely granular 
centrally. Maoronudeus worm-Uke, bent. 

Dimensions. — ^Body-length 50-157 [l. 

Pond water. Social. 

BemarJcs. — ^Found at Lahore ia pond water on leaves of 
Leimma. Social, a body-length of 63 /* to 73 /n being coromon. 
Noland and Kniey give 68 ju, as the mode of the body-length 
and 50-157 jn as limits. 

The body was campanulate and slightly narrowed behind 
the anterior end, which was not much widened out ; the length 
of the body was one and a quarter to one and a half times the 




Fig. 189. — ForZieeZZa eamvptmiula Ebrbg. B, oytostome ; Ma, macro- 
nucleus ; PA, gullet ; V.Q, contractile vacuole. (After Boirs.) 

maximum width. The peristome was thickened aud was 
slightly eversible ; the dliary disc projected slightly in a 
condition of expansion and bore fine long, close-set ciHa. The 
cuticulax surface was smooth and the parenchyma densely 
granular. The stalk was four to five times the length of the 
body, and the thread in the staJk was uninterrupted. 

Noland andFinley mention that the pellicular striae are faint, 
requiring close focussiag, and that small transparent spherules 
(about 1 jLi), interpreted by Faure-Premiet (1910) as mito- 
chondria, are visible sometimes in the living animal in the 
thin peristomial border. The thecoplasmic granules in the 
stalk are numerous. 

HahvlxA. — ^Pond water : Punjab, Lahore. 
OIL. 2d 
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279. Vorticella citrina 0. F. Mtiller. (Pig. 190.) 

Vmtiodia eiirina, O. F. MuQer, 1773, p. 123 ; 1786, p. 306, pi. xliv, 
figs. 1-7 ; Ehrenberg, 1830, pp. 41, 81, pi. v, flg. B ; 1831, 
p. 91 ; 1838, pp. 271-2, pi. XXV, fig. iii; ClapaxMe & Lachiuami, 
1858-61, p. 96 ; Kent, 1880-2, pp. 678-9, pi. xxxv, fig. 29, 
pi. xlix, flg. 13 ; Eoiix, 1901, p. 117, pi. vii, fig. 11. 
^Vorticella cHrina, Bhatia, 1920, p. 264. 
VortioelXa citrina, BuUington, 1925, p. 269; Lepsi, 1926 a, p. 91, 
fig. 513; Sandon, 1927, p. 201; Sohoemohen, 1927, p. 250, 
fig. 772 ; Noland & Finley, 1931, p. 93 ; Kahl, 1933, p. 128 ; 
1930-5, p. 717, fig. 135, 23 a, b, c. 

Body broadly campanvilate, plastic and changeable in form,, 
smooth. Peristomial border broad, orateriform, often con- 
siderably exceeding in diameter the entire length of the body, 
not padded. Sides of the body ahnost straight ; posterior 



-v:c 




Kg. 190. — VofticeOa o&/rimi O. F. MM. B, oytostome ; Ma, macro- 
nucleus ; M.O, adoral zone ; Ph, guUet ; V.C, oontractUe- 
vaouole. (After Boux.) 

end drawn out and pointed ; depressed and with a puckered 
anterior border when contracted. Parenchyma transparent, 
usually pale yellow. Pedicle slender, four or five times 
the length of tib,e body. 

Dimensions. — ^Body-lesngth up to 120 /i. 

Fresh water, on various aquatic plants. Social. 

JReimarks. — ^Found very abimdantly at Lahore in infusions of 
dry leaves and in pond water on various aquatic plants. The 
body was broadly campanulate, not narrowed behind the 
anterior end. The sides of the body were straight and the 
posterior end was drawn out into a cone-hfce process. The 
length of the body, including the basal cone-Hke projection, 
was 26 jLi in a contracted and 50 ft in an expanded specunenr 
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The staJk was about three to fire times the length of the body. 
Spherical cysts of the zooids, meastiring 24 /n across, were 
later found in abundance in the same culture. 

Noland and Einley (1931) remark as follows : — " F. cHH/rui 
0. F. Miiller, 1773, was distinguished largely on the basis of 
its greenish-yellow colour. Faur^-Fremiet (1904) regards 
it as a physiological variant of V. convallaria. If it is distinot 
its identity must be based on other grounds than color alone." 

I have, however, followed Roux, Lepsi, and Schoenichen in 
retaining it as a distinct species. V. dtrina differs from 
V. amvoMaria in the body being smooth and broadly companu- 
late in the former and transversely striate and conieal- 
campauulate in the latter ; the sides of the body are straight 
in the former and curve inwards behind the anterior end in 
the latter ; the peristomial border is not thickened in the 
former, and is padded in the latter. These characters are 
sufficient to show the distinctness of the two species. 

Habitat. — ^Presh water, on various aquatic plants : PtrerjAB,. 
Lahore. 



280. Vortieella eonvallaria Linnaeus. (Fig. 191.) 

Vor^xiella ctmoaUaria, Linnsiis, 1767, p. 1319 ; Ehrenberg, 1830, 

5 p. 66, 79, pi. V A ; 1831, p. 92 ; 1838, p. 274, pi. xxvi, fig. iii j 
>ujardiii, 1841, p. 557 ; Clapardde & XaxHazaaxm, 1858-61, p. 96. 
■fVortioeUa oonvatlaa^ (?), Carter, 1856 &, p. 247, pL vii, fig. 77. 
VorMcella convaBaria, Kent, 1880-2, pp. 686-7, pi. -irliT, fig. 34 ;. 
Houx, 1901, p. 119, pi. vii, fig. 19 ; Lepsi, 1926 a, p. 90, fig. 531 ^ 
Sohoenichen, 1927, p. 249, pi. xiii, fig. 26 c, & fig. 764; 
Noland & Finley, 1931, pp. 94, 104-5, figs. 10-17 ; Kahl, 
1930-5, p. 722, figs. 136, 34. 138, 44. 

Body conical-campanulate, scarcely twice as long as broad,, 
anteriorly as wide as in the middle. Peristomial border 
dilated, slightly revolute. Cuticular surface transversely 
annulate. Parenchyma clear, transparent, sometimes yellow- 
Contractile vacuole single. Pedicle rather thick, from three 
to six times the length of the body. Macronucleus long, worm- 
like. 

Dimensions. — Body-length 110-120 n, maximum width 
61-67 fi. 

In stagnant water and infusions. Social. 

Eemarks. — ^This species resembles V. campamda in size and 
general appearance, but is easily distingmshable from that 
species by a number of differences : (1) the animals multiply 
in bad-smelling infusions, which F. campamda does not ;. 

(2) contracted individuals are not pudkered anteriorly ;. 

(3) animals are oftener tinted yeUow ; (4) bell opening is some- 
what narrower ; and (5) the reserve granules, so abundant in 
F. campanula, are here usually absent. The theeoplasmio- 

2d2 
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grontileB along the spasmoneme have a distribution similar to 
that of F. campanula, but occasional larger granules occurring 
at fairly regular intervals among the smaller ones have been 
noticed by Noland and Finley. The species is often found in 



Fig. 191. 



•sWot 





~Ei%. 191. — VorHoeOa ctmvoinairia Lmn. B, peristomiaX groove ; j5.X, 
cytopharyna: ; Ma, macronucedtis ; Ph, vestibiile ; V.O, 
ccnxtTactile vacuole. (After Koux.) 

IFig. lQ2.—VirticeUa microstoma Ehrbg. Lettering as in previous figure. 
(After Biouz.) 

the upper layers of vegetable infusions along ■with F. micrO' 
stomas, from which it can be readily distingmshed by its thicker 
istalfc and by the body not being narrowed anteriorly. 
Habitai. — ^Eresh -water : Bombay. 



281. Vortieella globosa Ghosh. (Fig. 196.) 

IfVortieeaa gldboea, Ghosh, 1922 d, p. 8, pi. i, fig. iii. 
ForttceZZa glolosa, KahT, 1930-6, p. 723, fig. 137, 30. 

Body spherical, with posterior end tapering abruptly to 
■& point, spheroidal when contracted. Peristomial mai^in 
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half the greatest diameter of the body and raised vertically 
like a collar. CSliaory disc short, discoidal, with a sUghtly 
convex upper surface, and about half the peristome in diameter, 
being attached to one side of the capacious vestibule, which 
extends towards the aboral pole beyond the middle of the 
body. Surface smooth. Endoplasm granular. Contractile- 
vacuole placed at the side of the vestibule on the side opposite 
to the oihary disc. Macronuoleus horseshoe-shaped and placed 
in the middle of the body. Pedicle four to five times the length 
of the body. 

DimensioTis. — ^Length of body 25 y,. 

Remarks. — ^The length is given as 0-25 mm. in the original 
paper, which is probably an error for 0-025 mm. 

Habitat. — Pond water : Bengal, Calcutta. 



282. Vorticella microstoma Ehrenberg. (Fig. 192.) 

VoriiceUa microstoma, 'Etaeiibets, 1830, p. 66 ; 1831, p. 92 ; 

1838, p. 272, pi. xxv, fig. iii ; Dujaxdin, 1841, p. 560 ; Clapar&de- 

& Lachmann, 1858-61, p. 97. 
fForJiceKa microstoma. Carter, 1 856 6, pp. 126, 247, pi. vii, figs. 76, 78. 
VortioeBa m/Ccroatom,a, Fromentel, 1874, p. 236, pi. vii, figs. 18, 19 ; 

Kent, 1880-2, pp. 683-4, pi. xsxv, £^. 9-24, pi. jdix, fig. 37 j 

Roiix, 1901, p. 119, pi. vii, fig. 18 ; Brand, 1923, pp. 61, 69, 73 ; 

Lepsi, 1926a, p. 90, fig. 524; Sehoeniohen, 1927, pp. 248-9, 

pi. xiii, fig. 26 a, & fig. 763. 
"^Vorticella mieroatoma, Saudon, 1927, pp. 200-1, pi. vi, fig. 11 j 

Madhava Bao, 1928, p. 114, pi. iv, fig. 1 ; Chaudliuri, 1929, 

p. 60, pi. iii, fig. 11. 
Voriicdla m,icrostoma, Noland & Finley, 1931, pp. 98, 108, figs. 33— 

44 ; Kahl, 1930-5, p. 729. figs. 136, 11 ; 138, 40, 40 a. 

Body somewhat vase-shaped, broadest in middle and. 
narrowing in the region of the peristome, which is not everted 
and is about half the maximum width of the body. Cuticle^ 
with fine transverse striations, specially prominent when body 
is contracted. Colour whitish or greyish. Contractile vacuole 
single. Macronuoleus long, slender, or somewhat shortened 
and horseshoe-shaped. Pedicle very slender, two or three 
to five or six times the length of the body. 

Dimensions. — ^Body-length 60-100 /i, maximum width 32— 

54: fl.. 

Common in soils and sour infusions. 

Remarks. — ^Thecoplasmic granules are not visible along the- 
spasmoneme in the living animals. " The species shows a 
great tolerance to bacterial action in infusions. In infusions- 
it will sometimes disappear for a few days when bacterial 
action is at its height, to return again after the decomposition 
has subsided somewhat " (Noland & Finley). Brand (1923)- 
has studied its encystment. 
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Habitat. — ^Eresh water : Bombay ; soils from Kashmbe, 
■Srinagar ; N.W.F. Peovinob, Peshawar ; PtrNJAB, Ghora 
Gali ; Cbntkal India, Indore ; Mysoeb ; Madbas, Coimbai 
tore. 

^83. Vorfleella patellina Ehrenberg. (Fig. 193.) 

Varticseaa pateUina (?), O. F. Miiller, 1776, p. 281 ; 1786, p. 312. 
Carcheaitim fascioulaium, Ehrenberg, 1830, p. 41 ; 1831, p. 93 ; 

1836, p. 165. 
Voriiedla patellina, Lamarck, 1836, p. 68 ; Ehieaberg, 1838, p. 273, 

pi. xxvi, fig. u. 
■f-VoriioeUa pateUina, Grant, 1842. 
Voriieella patellina, Pritohard, 1861, p. 587, pi. 2six, fig. 1 ; 

Fromentel, 1874, p. 230, pi. v, figs. 8-9. 
VorticeOa cratera, Keat, 1880-2, p. 679, pi. xxxv, fig. 26, & pi. xlix, 

fig. 16. 
Vortieeaa pateUina, Lepsi, 1926 o,p. 91, fig. 516; Sohoeniohen, 1927, 

p. 249, pi. xiii, fig. 36 d ; Kahl, 1933, p. 128, fig. 32, 8, 8a; 

1930-6, p. 733, fig. 135, 32, 33. 

Bo<iy coidcal-campanulate ia exteasion, widest at the 
ajiterior border, and tapering thence in a straight line to its 




Fig. 193. — VorHcella pateUina Ehrbg. 6, contracted individual. 
(After Ehrenberg.) 

point of JTmction with the pedicle ; when contracted pyriform, 
with a puckered anterior margin ; the diameter of the expanded 
frontal border equalling or but slightly less than the total 
tength of the body. Peristome border thin ; ciliary disc but 
slightly elevated. Guticulax surface smooth, parenchyma 
transparent. Pedicle slender, three or four times the length 
of the body, contracting spirally. Social. 
X>i»rae7MW)W5.— Body-length up to 90 jti. 
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Remarks. — VorticeUa pcUeUina, as originally named and 
^figured by O. F. Miiller, was a marine form. Ehrenberg and 
subsequent -writers described a freshwater form as the same 
species. Kent considered the freshwater species to be dis- 
tinct, and named it Vorticdla cratera. Noland and Finley 
also consider the marine species described by 0. F. Miiller as 
quite different from V. patdlina of Ehrenberg and Fromentel. 
They, however, think that F. cratera Kent is not identical 
with V. pateUina Ehrbg. 

Habitat. — ^Pond water : Bengal, Calcutta. 

284. Vortieella submlerostoma Ghosh. (Fig. 194.) 

"^VorticeUa avhmiarostoma, Ghosh, 1922 d, p. 8, pi. i, fig. i. 
Vortioella submicrostoma, Kahl, 1930-5, p. 727, fig. 137, 29. 

Body subpyriform, less than twice as long as broad, spherical 
when contracted ; posterior end tapering and conical ; body 
constricted behind the peristome. Sinface striate trans- 
versely. Peristomial margin widely everted and slightly less 
than the greatest body diameter in the middle. GUiary disc 
moderately and obliquely elevated. Vestibule small. CUia 
long and stout. Contractile vacuole large and placed at the 
base of the ciliary disc. Macronucleus horseshoe-shaped, 
placed in the middle of the body. Pedicle stout and less tiian 
twice the body-length, sometimes holding the bell slightly 
inclined. 

Dimensions. — ^Body-length 76 /i. 

Remarhs. — ^The species, as above described, is not sufficiently 
distinct from V. microstoma Ehrbg. The length is given as 
0*76 mm. in the original paper, which is probably an error for 
0-076 mm. Kahl regards it as only a larger variety of V. odava 
Stokes. 

Habitat. — ^Pond water : Bengal, Calcutta. 

285. Vortieella sufteyllndrica Ghosh. (Fig. 195.) 

fVorticella suboylmdrica, Ghosh, 1922 d, p. 8, pi. i, fig. ii. 
Vortieella atlboylinds-ica, Kahl, 1930-5, p. 716, fig. 137, 6. 

Body elongated, cylindrical, about thrice as long as broad 
and suddenly tapering to a point at the aboral end. Peri- 
stomial margin slightly everted and raised. CSliary disc 
slightly elevated. Vestibule wide and extending to the middle 
of the body. Contractile vacuole near the lower end of the 
vestibule. Macronucleus band-like and placed in the middle of 
the body. Surface smooth. Pedicle narrow and about as 
long as the body. 

Dimensions. — ^Body-length, as given by Ghosh, 150 /* 
((probably an error for 15 p). 

Habitat. — ^Pond water : Bengal, Calcutta. 
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I'ig. 194. 




Fig. 196. 




Fig. 195. 



Fig. 197. 




Fig. 198. 



i 




Fig. 194. — VorHeella mibmicrostoma Ghosh. (After Ghosh.) 
Fig. 195. — VorlioeUa aubcyUndrica Ghosh. (After Ghosh.) 
Fig. 196. — VorHoeOa globoaa Ghosh. (After Ghosh.) 
Fig. 197. — Vorticdia svbprooubena Ghosh. (Aiter Ghosh.) 
Fig. 198. — VortioMa gubamuata Ghosh. (After Ghosh.) 



286. Vorflcella subproeubens Ghosh. (Fig. 197.) 

^Vort4oeOa avbproaubeins, Ghosh, 1922 d, p. 9, pi. i, fig. iv. 
VorticeOa tubprooumbena, Kahl, 1930-5, p. 727, fig. 137, 23. 

Body curved, obliquely conical-campanulate, widest an- 
teriorly, one and a half times as long as wide. Peristomial 
margin placed obliquely and slightly everted. Ciliary disc 
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slightly elevated. Vestibule small. Surface striate trans- 
versely. Pedicle four to five times the body-length. 

Dimensions. — ^Body-length, as given by Ghosh, 150 fi 
(probably an error for 15 fi). 

Bemarks. — ^ICahl regards it as a doubtful species. 

Habitat. — ^Pond water : BbngaIi, Calcutta. 

287. VortieeUa subsinuata Ghosh. (Fig. 198.) 

•fVoriiceUa siibsimiata, Ghosh, 1922 d, p. 9, pi. i, fig. v. 
VortieeUa subsimtata, Kahl, 1930-6, p. 720, fig. 137, 7. 

Body somewhat vase-shaped, widest anteriorly, one and a 
half times as long as broad, somewhat roimded in the middle, 
with constrictions above and below which separate the middle 
region from the peristomial margin, and a smaller roimded 
aboral end respectively. Surface smooth. Peristomial margin 
slightly everted. OUiary disc obliquely elevated. Vestibule 
short and wide. Pedicle about twice the body ia length. 

Dimensions. — ^Body-length, as given by Ghosh, 150 ft 
(probably an error for 15 /a). 

Habitat. — ^Pond water : BebtgaIi, Calcutta. 

288. VortieeUa sp. 

^VorUaMa sp., Simmons, 1891, p. 4. 
Hahitat. — ^Pond water : SbitgaIj, Calcutta. 

289. VortieeUa sp. 

^VorOoeUa sp., Carter, 1856 6, pp. 235-7, pi. vii, fig. 75. 
Habitat. — Fresh water : Boscbay. 

290. VortieeUa sp. 

^Vortiiidia sp., Chaudhuri, 1929, p. 60. 

Habitat. — Soils from Pcjitjab, Ghora Gali ; Gsstrkl India, 
Indore. 

Genus CABCHESIUM Ehrenberg, 1830. 

Oarchesium, Ehrenberg, 1830, p. 41 ; 1831, p. 93 ; 1838, p. 278, 
Clapartde & Laohmann, 1858-61. p. 97; Engelmann. 1862, 
p. 389 ; Stein, 1867, p. 168 ; Fromentel, 1874, p. 142 ; Kent, 
1880-2, p. 690 ; Butschli, 1887-9, p. 1764 ; Boux, 1901, p. 120 
Lepsi, 1926 a, p. 87 ; Sohoeniohen, 1927, p. 251 ; Eeiohenow, 
1929, p. 1210 ; Kudo, 1931. pp. 394^5 ; Calkins, 1933, p. 622 ; 
Kahl, 1933, p. 131 ; 1930-5, p. 736. 

Animaloules ovate or pyriform, smaU to medium-sized* 
ia shape and size resembhag those of VortieeUa, but united in 
social clusters and forming tree-like colonies through repeated 



410 QIiaOPHOBA. 

longitiadinal fission, accompanied by a regular or irregular 
branching pf their flexible primary pedicle ; the contractile 
thread within the compound pedicle not continuous through- 
out, but interrupted at each bifurcation, so as to permit of the 
independent extension and contraction of the individual 
zooids. Colonies are sometimes more than a millimetre 
in height. Mostly inhabiting clear stagnant water, fixed to 
debris, leaves, and aquatic plants or animals. 

Key to Indian Species. 

1 (2). Stalk distinctly articulated ; body [p. 410. 

SBaooth 0. epistylis, CI. & L., 

2 (11. Stalk not articulated; body smooth .. 0.polypinmn(Liim..), 

[p. 412. 



291. Carchesium eplstylis ClaparMe & Lachmann. (Fig. 199.) 

OardieaiMm epistyUs, ClapaxMe & Laohmaim, 1858-61, pp. 99-100, 

pi. i, fig. 1. 
OorcAasiMm epiatyVMe, Kent, 1880-2, p. 692-3, pi. xxxvi, flga. 12- 

14. 
Oardh^ium epis^Ua, Boux, 1901, p. 121, pi. vii, fig. 22. 
^Careheaium epistylidia, Bhatia, 1920, p. 264. 
Oareheaium epistyUdia, Lepsi, 1926 a, p. 91. 
Oarchmum epistyKa, Sohoenichen, 1927, p. 253, fig. 776 ; Kalil, 
1930-5, p. 738, fig. 139, 17, 18. 

Body oampanulate or elongate-conical, very smaU. or small, 
abruptiy narrowed near the point of junction with the pedicle. 
PeristomM border well dilated but not eversible, body not 
plicate when contracted. Cuticular surface smooth or feebly 
striated transversely. Zoodendrium branching subdicho- 
tomously, more or less distinctly articulate, such articulations 
usually occurring immediately beneath each bifurcation. 
Ciliary disc moderately elevated. Contractile vacuole single, 
■close to the vestibule. Macronucleus band-like, curved, short, 
transversely disposed, with a small rounded micronucleus 
placed close to it. 

Dimensions. — ^Length of the zooids up to 60 /x. 

Bemarhs. — ^Numerous colonies were foimd on the gills, legs 
and tail-bristles of ephemerid larvss in pond water at Lahore, 
■each colony consisting of a few (two to four) individuals only. 
The individual zooids were separately contractile, the thread in 
the stalk being interrupted at each bifurcation. The main 
pedicle was 168 /* in length, stalba supporting individual 
aooids were three to four times the length of the body, smooth, 
and dtiring contraction the portion near the body of the zooids 
was thrown into a spiral. Some stalks terminated in two 
zooids, the stalk just bifurcating near the tip, one portion 
containing the thread and the other not. 



QABCHESriTM. 



411. 



Individual zooids were very small, measuring 32 jn by 26 [i, 
with the anterior end slightly less wide than the middle of the 
body. The vestibule extended to about the middle of the 
body and the peristomial margin was thickened and slightly 
eversible. The contractile vacuole was situated about the 
middle of the body, and the maoronueleus was only slightly 

Kg. 199. 



Fig. 200. 





Fig. 199. — Garchesium epistylis CI. & L. B, peristomial groove ; 

Ma, macroaucleos'; Mi, micronucleus ; M.O, adoral 

zone ; Ph, vestibule ; V.O, contractile vacuole. (After 

Boux.) 
Fig. 200. — Garoheaivm polypirmm (Limi.). Lettering as in previous 

figure. (After Boux.) 



curved and somewhat kidney-shaped. The contracted zooids 
were pyriform in shape and the cuticle was smooth. 

The form encountered differed, however, from the type in 
lacking the articulate character of the stalk. 

Habitat. — ^Pond water, attached to ephemerid larvae : 
Punjab, Lahore. 
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292. Carchesium polypinum (Linnseus) Ehrenberg. (Fig. 200.) 

ForMceRo polypina, Linnseus, 1767, p. 1317. 

Oarohesvum polypinmn, Ehrenberg, 1830, p. 41 ; 1831, p. 94 ; 

1838, p. 278, pi. xxvi, fig. v. 
VortioelUt ramosissima, Dujardm, 1841, p. 551, pi. xiv, fig. 11. 
Carcfiesvum polypinum, Clapaxkde & Xiachmaim, 1858—61, p. 98 ; 

IVomentel, 1874, p. 238, pl.vi, fig. 1 ; pi. iv, f^. 17-20; Kent, 

1880-2, pp. 690-1, pi. xxxv, figs. 30, 31, 51 ; pi. xxxvi,figs. 1-8; 

ButsohU, 1887-9, pi. Ixxiv, fig. l,a-b; Roiix,1901,p.l22,pl.vu, 

fig. 24. 
iOarcheaium polypmum, Annandale, 1907, pp. 37—38. 
Oarchesium polypinum, Enriques, 1908, pp. 270-2. 
Carohesitim corymboaum, Peaard, 1922, pp. 260-2, figs. 246, 247. 
Caroheaium po^pimum, BuUington, 1926, p. 270 ; Lepsi, 1926 o, 

p. 91, fig. S40 ; Wenyon, 1926, fig. 528 ; Sohoeniohen, 1927, 

p. 253, pi. xiU, fig. 27. 
^Oardheaiwm polypin/wm, Madhava Rao, 1928, p. 114. 
Oarohesiumpolypimein, Beichstiow, 1929, p. 1210, fig. 1191 ; Kudo, 

1931. p. 395, fig. 169, k ; Calkins, 1933, p. 38, fig. 102 ; Kahl, 

1930-5, pp. 738-9, fig. 139, 19, 20. 

Body oajupamilate, or more or less conical, broadly expanded 
in front. Peristomial border everted amd recurved. . Cuti- 
cular surface smooth. Contractile vacuole single, close to the 
vestibule. Maoronucleus curved, forming an arc in the longi- 
tudinal plane. Compound pedicle branching, non-articulate 
and smooth. Colonies composed sometimes of an immense 
number of individuals, frequently attaining a height of 2 
to 3 millimetres. 

Dimensions. — ^Length of individuals 60-65 fi, width an- 
teriorly 42-44 /x. 

Habitat. — ^Brackish and freshwater ponds : Bbngai., Port 
Canning. Soil : Mysosb. 



293. Carchesium sp., Simmons. 

Oagrcheaitian sp., Simmaas, 1891, p. 4. 
Habitat. — ^Pond water : Bbngal, Calcutta. 
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3. Family EPISTYLID^ KaM, 1933. 

Stalked forms, -with, the stalk not provided with myoneme 
thread, and consequently rigid. 



Genus EPISTYLIS Ehrenberg, 1830. 

MpistyUs, Ehrenberg, 1830, p. 41 ; 1838, p. 279 ; Dujardin, 1841, 
p. 539 ; Stein, 1867, pp. 135, 168 ; Clapardde & Lachznaim, 
pp. 1858-61, p. 107 ; Engelmann, 1862, p. 390 ; Fromentel, 1874, 
p. 143 ; Kent, 1880-2, p. 700 ; Biitsohli, 1887-9, p. 1766 ; Kous, 
1901, p. 123 ; Lepsi, 1926 a, p. 87 ; Wenyon, 1926, p. 1223 ; 
Sohoeniohen, 1927, p. 254; Eeichenow, 1929, p. 1211; Kudo, 
1931, p. 395 ; Calkins, 1933, p. 522 ; KaM, 1933, p. 125 ; 1930-5, 
p. 680. 

Animalcules campanulate, ovate or pyriform, very small 
to medium-sized, corresponding structurally mth those of 
Vorticelia ; attached ia numbers to a rigid, uncontractile, 
more or less branching, tree-like pedicle ; the zooids usually 
of similar size and shape. Ciliary disc little elevated. Peri- 
stomial border thickened, rarely eversible. Anterior part 
expanded, though slightly. Vestibule normally developed. 
Contractile vacuole single. Maoronuoleus variable in form. 
Colonies sometimes of numerous individuals and reaching 
several miUimetres in height. Inhabiting salt and itesh water, 
attached to aquatic plants or animals. 



Key to Indian Species. 

1. StaJk not wTiakled transversely .... 2. 

2 (7). Stalk articulated at distant intervals. 3. 

3 (5). Stalk longitudinally striated 4. 

4. Body elongate-conical, cuticular sur- 

face smooth, length of zooids 77- [p. 414. 

126 ;u S. artiauiata From., 

6 (3). Stalk not longitudinally striated 6. 

6. Body elongate-conical, outicular sur- 

face smooth, exhibiting transverse 
folds posteriorly when contracted ; 
length of zooids ZOSfL. Colonies of 

many individuals M. galea Ehrbg., p. 416. 

7 (2). Stalk not articulated 8. 

8 (10). Stalk with fine longitudinal striee. ... 9. 

9. Body elongate-conical, cutioular sur- 

face soft and flexible, plicate, or 
exhibiting several annular folds 

posteriorly when contracted ; [p. 417. 

length of zooids 90-150 ft JE.plieaiilis'Ebxbg., 

10 (8). Stalk not longitudinally striated 11. 
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11. Body oonical-oampaaTjlate, three 

times as long as broad, anterior 
end wider, outioular surfiaoe smooth 

or flneiy striate transversely ; [p. 414. 

length of zooids 89 /i E. anaatatica (Linn.), 



294. Epistylis anastatica (Linnaeus) Ehrenberg. (Fig. 204.) 

VorHeella anaetatiaa, Linnaeus. 1767, p. 1317 ; Miiller, 1773, p. 139 ; 

1786, pi. xliv, fig. 10 ; pi. xlvi, fig. 5 ; pi. xxxviii, fig. 18 ; 

Ehrenberg, 1830, p. 41 ; 1831, p. 96 ; 1838, p. 281, pi. xxvii, 

fig. ii ; Fromentel, 1874, p. 242, pi. is, figs. S, 6, 6 a ; Kent, 

1880-2, p. 701, pi. 333viii, figs. 19-22. 
■\Wpisiylis anastatica, Daday, 1898, p. 9. 
EpistiyUs anastatiea, Lepsi, 1926 a, p. 93 ; Kahl, 1930-5, p. 689, 

fig. 131, 14r-16. 

Bodies oonical-campamilate, nearly three times as long as 
broad, attenuate posteriorly, frontal margin dilated, with 
a snout-like projection when oontraoted. Cutioular surface 
smooth or finely striate transversely. Ciliary disc raised. 
Pedicle moderately thick, entirely smooth, neither striate 
nor articulate, branching profusely and dichotomously ; 
secondary branches attenuate, equal to or exceeding the length 
of the zooids. 

Lvmenskms. — ^Length of zooids 89 /x, height of entire 
icolony 1-6 mm. 

Habitat. — ^Fresh water, on Copepods : Ceylok. 



295, Epistylis artieiilata Fromentel. (Fig. 202.) 

EpiatyUs articuktta, Fromentel, 1874, p. 242, pi. ix, fig. 3 ; Kent, 

1880-2, pp. 707-8, pi. xxsix, fig. 3. 
■fEpistyKs artwulala, Bhatia, 1920, p. 265. 
Epistylis arOoulata, Lepsi, 1926 a, p. 92 ; Kahl, 1930-5, p. 685, 

fig. 131, 22. 

Bodies elongate-conical, tapering posteriorly, somewhat 
gibbous, nearly three times as long as broad. Cuticular 
surface smooth ; peristome border ^ghtly dilated ; ciliary 
disc moderately elevated ; vestibular seta conspicuously 
developed. Pedicle dichotomous, short, stout, and. sparingly 
branched, striate longitudinally, articulate at one or two 
intervals between each bifurcation. 

Bimensions. — ^Length of zooids 77-126 /n. 

Remarks. — Found growing abundantly on all sides of a 
small spirally coiled gastropod shell (probably Planorbis), on 
which it formed a white fluffy mass, at Lahore. The colonies 
were erect and the height of a colony was 595 n. The pedicle 
was dichotomous, sparingly branched, striate longitudinally, 
articulate at one or two intervals between each bifurcation. 
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in which respect this species differs from H. plicaiilis. The 
body was tiiee to foiir times as long as broad, indi-vidnal 
zooids in a fully extended condition measuring from 105 to 
126 fi in length and 26 to 31 /i in width. The body form 
was as in ^. plicafilis, but there were two zooids at the termina- 
tion of each stalk. 

Kent, in a note to the description of this species, remarks : — 
" In shape the animalcules of this species appear to closely 
resemble those of E. plicatilis, and it is a question whether 

Jig. 201. 



Kg. 202. 





Fig. 201- — JEpislyUa pUeatiUs Ehrbg. B, peristoraial groove i Ma^ 
macTonucleus ; M.O, adoral zone ; V, vestibule ; F.A,. 
food-vaouole ; V.C, contractile vacuole. (After Bouz.) 

Fig. 202. — EpisiyUa arUoulata 'Wxom.. (After Kent.) 

the chief point of difference cited by Dr. Fromentel, that of the 
articulation at distant intervals of the pedicle, is sufficient to 
distittguish them, more especiaJly as, in the kist-named form,. 
Stein has remarked that old specimens are similarly jointed. 
No mention is made as to the form assumed by titie zooids 
when in a state of contraction, which would have been useful 
in the settlement of this supposed identity, nor as to whether 
the species forms large or small colonies." 

I am able to throw some light on this disputed point, 
having observed the zooids in the contracted condition. Thei 
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form assumed by the contracted zooids is globular, the pos- 
terior part showing transverse furrows as in E. pUcatilis. 
The size of the colony, which is considerably smaller than that 
of E. plicatilis, and the presence of two zooids perched at the 
termination of each stalk, along with the articulate character 
of the stalk, which is a constant feature in one and a rare 
feature in the other, serves to distinguish the two species. 

Habitat. — ^Fresh water, growing on gastropod shells : Pun- 
jab, Lahore. 



296. Eplstylis galea Ehrenberg. (Fig. 203.) 

JEpistyUs galea, Efarenberg, 1831, p. 97 ; 1838, pp. 280-1, pi. zxvii, 

fig. 1. 
"[ZpietyUs galea (?), Carter, 1866 6, p. 247, pi. vji, fig. 74. 
EpistyUa gaUa, IFromeiitel, 1874, p. 243, pi. sd, fig. 2 ; Kent, 
1880-2, p. 701, pi. xxxix, fig. 6 ; Lepsi, 1926 a, p. 92 ; Kahl, 
1930-5, p. 691. figs. 131, 27 ; 133, 19. 

Bodies elongate-conical, about three times as long as broad, 
attenuate posteriorly, the frontal margin dilated. Outicular 



Kg. 204. 



Kg. 203. 




Kg. ^Z.—Epi^lis galea Ehrbg. (After Kent.) 

Kg. 204. — BpiBtylis cmastaUoa (Linn.). (After Kent.) 

surface smooth, exhibitiag transverse folds posteriorly when 
contracted. Vestibular esntrajice prominent, projecting late- 
rally in a spout-like manner. Zoodendrium relatively short, 
thick, profusely and dichotomously branched ; secondary 
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branches not exceeding the zooids in length, articTilate at 
each bifurcation. 

Dimensions. — ^Length of bodies 208/*, height of entire 
colony 1 mm. 

Habitat. — ^Fresh water on aquatic plants : Bombay. 



297. Eplstylis plicatlUs Ehrenberg. (Fig. 201.) 

EpistyUe pUcaUKa, Ehrenberg, 1831, p. 96; 1838, pp. 281-2,. 
pi. zzviii, fig. i ; Dujon&i, 1841, p. S42, pi. xvi, fig. 4 ; 
ClaparMe & Lacbmaim, 1858-61, p. 110 ; Fromentel, 1874, 
pp. 241-2, pi. viii, figs. S-16; pi. xi, figs. 1, 5; Kent, 1880-2, 
pp. 701-2, pi. xszviii, figs. 6-^, pi. xzxiz, figs. 12-15 ; Kous, 
1901, p. 123, pi. viii, %. 3 ; Sohroeder, 1906, pp. 173-85, pi. vi. 
■fEpisti/Ua pUoatUia, Bhatia, 1920, p. 264. 

EpistyUs pUacMia, Lepsi, 1926 a, p. 92 ; Schoenichen, 1927, p. 267, 
fig. 780, pi. xUi, fig. 31 ; B^hl, 1930-5, p. 690, fig. 131, 17, 18. 

Bodies elongate-conical, attenuate posteriorly, three or 
four times as long as broad. Cuticular surface soft and 
flexible, when contracted plicate or exhibiting several annular 
folds posteriorly. Peristomial margin dilated ; the ciliary disc 
much elevated. Pedicle slender, finely striate longitudinaUy, 
profusely and dichotomously branched, zooids of the colony 
all reaching the same level. Colony of lai^e numbers, 
attaining up to 3 mm. in height. 

Dimensions. — ^Length of zooids 90-150 p.. 

Bema/rTcs. — Colonies were found forming whitish tufts on 
shells of a snail (probably Limnsea) in pond water, Lahore. 
The colonies were long, dichotomously branching, and the 
individual zooids were independently contractile, there being 
no thread running in the stalks. The secondary branches 
of the stalk showed longitudinal striations at the attachment 
of the zooid, but were otherwise granular and somewhat 
feathery in appearance. The length of the expanded zooids 
was 84-126 /*. The peristomial margin was dilatable, and the 
ciliary disc capable of considerable projection in the fuUy 
extended condition of the animal. When the zooid was con- 
tracted there was an anterior projection, and the posterior 
half of the body showed the distinct transverse pleating 
which is characteristic of the species. 

HaMtat. — ^Eresh water, attached to the shells of moUusos 
{Limnssa sp.) and various water-plants : Punjab, Lahore. 



298. Eplstylis sp. 

EpistffHa sp., Simmons, 1891, p. 4. 

Habitat. — ^Pond water : Bbn&al, Calcutta. 
oHi. 2 E 
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2. Tribe LORICATA Kahl, 1933. 

Pbbitbioha. possessing a test or lorica. 

Family VAGmiCOLIDuE Kent, 1881. 

Torms -vdth tests or houses, which, may or may not be 
stalked. 

Key to Indian Genera. 

1 (7). Test -with or -without stalk, not attached 

by its bioad side to the substratmu . . 2. 
•2 (5). Test -vnthout an operoxilmn, lemaioJng 

open diuiag contraction 3. [p. 418. 

3 (4). Test \pith stalk Cothuenia. Ehrbg., 

4 (3). Test without stalk, attached directly 

to a submerged object by its posterior [p. 419. 

end VAonnoQLA Ebrbg., 

.5 (2). Test closed duiing contraction by an 

operculum, or stopper 6. [p. 419. 

^ Test dosed by a pseudochitincus cover . . F:srsiooi>A. Kent, 

7 (1). Test attached by its broad side to a sub- 
merged object, and the a.«iTna.1 has a 

more or less distinct, somewhat as- [p. 420. 

cendiog neck Pi>a.T7C0IA Kent, 



Genus COTHUSNIA Ehrenberg, 1831, emend. Claparfede 
& Lachmann, 1858. 

Cothtmna Ehrenberg, 1831, p. 94 ; 1838, p. 297 ; Stein, 1849, 
pp. 106-7 ; 1867, p. 168 ; Claparfede & Lachmann, 1858-61 
p. 121; Fromentel, 1874, p. 147; Kent, 1880-2, p. 719 
Bfltsohli, 1887-9, p. 1769 ; Boux, 1901, p. 132 ; Lepai, 1926, 
p. 87 ; Sohoeniohen, 1927, p. 263 ; Reichenow, 1929, p. 1211 
Kudo. 1931, p. 397 ; Calkins, 1933, p. 522 ; Kahl, 1933, p. 135 
1930-5, p. 769. 

Animalcule surrounded by a wide pseudochitinous lorica, 
"which is usually attached to a submerged object by a very 
short and very thiu stalk. Animalcule can withdraw itself 
into the lorica. Form of the lorica variable, but remaining 
open during contraction. Structure of the body as in other 
Vorticellids. Body elongated, narrow behind, especially 
in a state of complete extension. Very contractile. In- 
liabitdng salt or &esh water, attached to aquatic plants. 
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299. Cothufnia sp. 

■fOothumia sp., Simmons, 1891, p. 4. 
Habitat. — ^Pond water : BmraAi., Calcutta. 



Genus VAGINICOLA (Lamarck, 1816), emend. 
Claparfede & Laohmann, 1858. 

Vaginicola, Lamarck, 1816, ii, p. 26. 

Vaginicola, part, Ehrenberg, 1838, p, 295 ; I>ajardi3a, 1841, p. 560 ; 

Stein, 1849, pp. 106-22. 
Vagimcola, Claparede & Laohmann, 1858-61, p. 126 ; Fromeatd, 

1874, p. 149 ; Butsohli, 1887-9, p. 1770 ; Lepsi, 1926 a, p. 87 ; 

Sohoeniehen, 1927, p. 265; Roiohenow, 1929, p. 1211 ; £udo, 

1931, p. 398; Calkins, 1933, p. 622; KaiQ, 1933, p. 133; 

1930-5, p. 759. 

Body elongated, club-shaped and changeable in form, with 
the hinder end attached at the bottom of a wide, transparent 
lorica, which is without stalk and is attached directly to a sub- 
merged object by its posterior end. Structure of the body 
like that of other Vortieellids. 



300. Vaginicola sp. 

■f Vaginicola sp., Simmons, 1891, p. 4. 

Habitat. — ^Pond water : Bwugal, Calcutta. 

301. Vaginieola sp. 

fVaginieola sp., Mitoliel, 1862, p. 60. 

Bemca-ks. — ^The form is described as resembling V. crystMina 
closely, differing only by its somewhat larger size and absence 
of green granules. The animal, when feeding, generally had 
the anterior half of the body at right angles to the sheath. 
The sheath was provided with a valve, which nuukes it probable 
that the species was not correctly identified. 

Habitai. — ^Attached to a common water-weed in a small 
tank : Bangalore. 



Genus PYJSJCOLA Kent, 1881. 

Pyxicola, Kent, 1880-2, p. 726. 
Oothumia, pairt, Bfitsohll, 1887-9, p. 1769. 
Pyaeicola, Kahl, 1933, p. 139 ; 1930-5, p. 787. 

Animalcules elongated, with the hinder end attached directly 
or by a short staS: to the bottom of a transparent lorica, 
which is borne on a short staJk. The anterior end of the body 

2b2 
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beais beneath the border of the peristome a pseudo-ohitinous 
discoidal operoulum, which covers the lorioa during con- 
traction. Structtire of the body hke that of other Vorticellids. 
Remarks. — ^The genus was merged in Cothumia by Butschli, 
but is considered as distinct by Kahl. 



302. Pyxicola carter! (Kent). (Fig. 205.) 

^Pyodcola carieri, Kent, 1880-2, p. 729, pi. xl. flg. 40. 
OoOmrma sp., Bhatia, 1920, p. 266. 
Pyxicola constricta, Kahl, 1930-5, p. 787, fig. 146, 6, 18. 

Lorica elongate-subcylindrical, three times as long as broad, 
rounded and attached posteriorly by a very short or rudi- 
mentary pedicle, constricted at a Uttle distance below the even. 




Kg. 205. — Pyxicola ccxrt&n (Kent), op, opercultun. (After Kent.) 

slightly obHque, anterior margin, the side-walls more or less 
irregularly undulate. Animaloule attenuate, projecting when 
extended to a considerable distance beyond the orifice of the 
lorica. Operculum borne on the infero-lateral surface of a 
conspicuous conical protuberance that projects &om beneath 
the peristome border. Colour of lorioa and operculum yellow 
or dark brown according to age, animaloule transparent. 

Dimensions. — Unrecorded. 

Habitat. — ^Fresh water : Bombay. 



(Senus PLATYCOLA Kent, 1881. 

Platyoola, Kent, 1880-2, p. 731. 
Vagimoola, part, Btltscbli, 1887-9, p. 1770. 
PlatycoZa, Kahl, 1933, p. 140 ; 1930-5, p. 790. 

Anim alcule elongated, lying inside a lorica which is attached 
by its lateral broad side to a submerged object. Lorica without 
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a stalk, often sho-wing a distinct neck-like constriction 
anteriorly. Anterior part of the body protruding at right 
angles to the axis of the loriea. Structure of the body £ke 
that of other VorticeUids. 



303. Platycola sp. 

■^Platycola sp., Simmons, 1891, p. 4. 
Habitat. — ^Pond water : BiaTGAL, Calcutta. 



422 aaxoTBOSA.. 



IV. Order CHONOTRICHA Wallengren. 

A small group of forms in which the sessile mode of life has 
been carried to a high degree of specialization. These ecto- 
parasites of Crustacea possess anteriorly a funnel-shaped 
peristome, in. the bottom of which parallel ciliary rows run 
in a clock- wise direction (unlike the Pektibioha) to the mouth. 
Other body cilia absent. Reproduction by budding. The 
bud detaches itself as an irregularly shaped swimming organism 
which shows no relationship wititi the Pbbitbioha, a group 
with which these forms were previously united. The swimming 
bud attaches itself to the host and develops into the adult. 

IdeniificaMon Table of FamiUes. 

1. Peiistoroial area with, the adoral zone of 

membranelleB is spirally rolled. Indivi- 
duals sessile, with or without a stalk . SplrochODidss * Stein. 

2. Peristomial area formed by two projecting 

lips Chflodoehonldsei' Poohe. 

Up to the present time no animals belonging to either of 
the families in the order have been discovered in India. 
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Class II. SUCTORIA Butschli. 

(Syn. TiarTACtndi'BBA or Acxnetasia.) 

The members of this class are distinguished from the Cjcliata 
by the cilia beiag present only in the young stages, which 
are free-swimming embryos budded off from the adult. The 
adult organisms are sedentary, do not bear any cUia, but 
develop suctorial tentacles, by means of which they imbibe 
nourishment from the objects or organisms to which they 
adhere. There is no oytostome. One or more contraotil© 
vacuoles are usually present. The nuclear apparatus resembles 
that of the Ectoiliata, as bothmaoronuelei and mioronuclei are 
present. The macronuoleus exhibits a great variety of form. 
In the colonial form Dendrosoma it is branched in the same 
manner as the colony and extends continuously throughout it. 

The form of the body varies greatly, being typically vase-like, 
with or without a stalk or peduncle. In sessile forms the 
body is attached by a broad base to the substratum. The 
organisms are attached to algse, the bodies of small Crustacea, 
aquatic larvae, or other objects. A few are unattached, and 
are parasitic on free-living or paxasitic ciUates. The body is 
often protected by a secreted theca, continuous with the stalk 
in pedunculate forms. 

The tentacles are stiOf processes, the ectoplasm forming a 
tube enclosing a canal containing fluid and the apex termi- 
nating in a sucker-like knob. These sucking tentacles are 
always present in the adult organism. In addition, in Ephehta 
there are prehensile tentacles, which end in a point. 

Reproduction may be by binary fission, but usually is by 
budding. Budding may be external, one or more buds being 
formed on the surface of the organism, or internal, in which case 
the buds are formed in a deep depression of the surface of the 
body, called a brood-pouch (fig. 206). These buds develop cilia, 
and the ciliated embryos move about within the sac, and finally 
come out through a pore and swim away. After swimming 



424 



CHIOtHOEA. 



about for some time an embiyo becomes attached to a 
suitabte object, loses its cilia, develops tentacles, and grows 
into the adult pedunculate form. 

Details of conjugation are known in a few forms. As in 
the CruATA, when two organisms associate the macronuclei 
degenerate and the micronuclei divide a number of times. 
Exchaoge and union of micronuclei takes place, and the organ- 
isms then separate. Macronuclei and micronuclei are re- 
formed from the products of division of the combination 
nucleus. 




Fig. 206. — ^Sndogeaous budding in Suotoria. A, B, two stages in the 
fonuation of a bud {b and o) of Tokopfvrya gua&ipartita ; 
C, Acineta tuberoea ^ith endogenous buds (e and d). 
(From Calkins, after Butschli.) 

Colliti (1912), in his monograph on the group, has divided 
the class into eight families, of which Eypcomidse Butschli 
has been transferred to the HYMBiirosTOM[A.TA by Reichenow. 
Of the remaining seven families representatives of only two 
are known firom India so far. 



Idmtifiicaimt Table ofFamUiea. 

1 (2). Prehensile tentacles in addition to 

smotoiml tentacles Ephelotids * Sand. 

2 (1). Without prehensile teatacles; suc- 

torial tentades alone present .... 3. 

3 (8). Body not bilaterally symmetrical; 

irregular or branched 4. 

4 (5). Without " proboscis " or special [BiitscWi. 

"aims" , Dendrosomids* 
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5 (4). With retractile" proboscis "or special 

"arms" 6. [Stein. 

6 (7). With retractile " proboscis " Ophryodendiidse* 

7 (6). With special, tentacle-bearing" arms." Cendroeometids* 

8 (3). Body monaxial, more or less bilateral. 9. [Stein. 

9 (10). Beproduction by external budding . . PodophryldaeBiitschli, 

10 (9). Beproduction by internal budding .. 11. [p. 429. 

11 (12). St^Ui: short, thick. Pellicle coriaceous 

and tough. Without test or lorica. 

Tentacles thick-set, knobbed Diseophrylds * CoUin. 

12 (11). Pellicle delicate. Naked or enclosed [p. 425. 

in tests. Tentacles thin, knobbed . AcInetldSB B'utscbli, 



1. FamUy ACINETIDiE Biitschli, 1889. 

Forms generally shorwing a bilateral symmetry. Only 
suctorial tentacles are present. Individuals are naked or in 
tests, and "witli or ■without a stalk. Reproduction by division 
or by endogenous budding. Many are ectoparasitic on the 
gills of fresh- or salt-water animals ; some are endoparasites 
and are devoid of stalks and tentacles. 



Key to Indian Oenera. 

1. With tentacles, not parasitic inside 

Infusoria 2. 

2 (3). Without test, body pyramidal, with [CoUin, p. 425. 

stalk, tentacles in fascicles Tokofhrva (Butsch.) 

3 (2). With test, test without free margin, [Collin, p. 428. 

membrane-like, stalked AcxtffiTA (Bhrbg.) 



Genus TOKOPHRTA (BiitschH, 1889) Collin, 1911. 

Acmeta, part, Ehrenberg, 1838, p. 240 ; Stein, 1854. 

Podophyra, part. Stein, 1854; Clapor&de & Lac hmann, 1858-61, 

p. 382 ; Kent, 1880-2, p. 813. 
Tokophrya, Butsohli, 1887-9, p. 1928 ; Sand, 1901, p. 242 ; Collin, 

1911 6, pp. 425-40 ; 1912, pp. 330-6 ; Sehoenichen, 1927, p. 269. 
Tocophrya, Beichenow, 1929, p. 1216. 
Tokophaya, Kudo, 1931, p. 404 ; Calkins, 1933, pp. 228, 523. 

Body pyiiform or pyramidal. Without lorica. Suctorial 
tentacles arranged in bundles, one to four in number, all 
springing &om the frontal smrface. Stalk delicate and of 
uniform thickness along its whole length. Ciliated embryos 
egg-shaped, and generally monaxially symmetrical, laterally 
with an adoral zone. Birth-opening on the lateral surface of 
the older individuals. 
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Key to Iniian Species. 

1. Pedicle elongated, tentacles in bundles . . 2. 

2 (3). Tentacles in four bundles ; macro- |X.)> p. 427. 

nucleus oval 2*. gprndriparttia (CI. & 

3 (2). Tentacles in two bundles ; macronu- [p. 426. 

cleus pyramidal T. bengalensia Ghosh, 



304. Tokophrsra bengalensis Ghosh. (Fig. 207.) 

ifTokophrya bengalensis, Ghosh, 1929 c, p. 222, fig. 1. 

Body more or less pyramidal, length equalling the diameter 
of the base, with a cup-hke depression at the narrow fixed end. 
Two rounded bosses at the free end, each supporting, ten to 




Fig. 207. — Tokophrya bengalensia Ghosh. (After Ghosh.) 



twelve tentacles. Tentacles subequal and half the body 
or more in length. Contractile vacuole shagle, close to one 
of the two anterior bosses. Macronuoleus irregidarly pyrami- 
dal, central. Micronuoleus not detected. Pe<ficle cylindrical, 
slightly widened at its junction with the body, and about one 
and one-half times as long as the body. 

Dimensions. — ^Lengtii of the body, as given in Ghosh's 
paper, is 76 mm. (probably an error for 75 jn). 

Remarks. — ^The species resembles T. cyclopum (CDlap. & 
Ladhm.) and T. infusicmum (St.) in having two bundles of 
tentacles, but differs in possessing a long stalk and a pyramidal 
macronucleus. 

Habitat. — Sewer water : Bwsgm^, Calcutta. 
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305. Tokopbrya guadripartita (Clapar^de & Laohmann). (Fig. 
208.) 

Podophaya s^otiEnparjito.ClaparMe&Lachinaaix, 1859-61, p. 382 ; 

1861,pp. 116-22. 
Acineta phase of Stylonychda and Urostyla, Stein, 1859 d, pp. 62, 

103. 
fPodopfuya quadripartita. Carter, 1865, p. 287. 
Podophrya quadrvprnr^ia, Kent, 1880-2, p. 820, pi. xlvi, fig. 18. 
Tohyphrya gpttuMpartita Btitschli, 1887-9, p. 1928, pi. bivii, fig. 9 ; 

Soliewiakoff, 1893, p. 151 ; Sand, 1901, p. 263, pi. vi, fig. 6 ; 

Klipjev, 1911, pp. 117-42, 1 text-fig. ; pi. viii ; Collin, 1911 6, 

pp. 433-8, fig. ii ; pi. x, figs. 15-19 ; 1912, p. 331. pi. v, fig. 96 ; 

Sehoeniohen, 1927, p. 270, fig. 802 ; pi. xiii, fig. 47. 
Tooophrya gptadnpartita, Reiohenow, 1929, p. 1215, fig. 1195. 
Tohoptifya gvadrvpartUa, CaUdns, 1933, pp. 22, 228, figs. 3 e, 107. 

Body in the form of a quadrangular pyramid, tapering 
posteriorly ; anterior extremity di^rided into four blimt lobes. 




Fig. 208. — Tokophrya quadr^sartita (CI. & L.). Only a portion of the 
pedicle is shown. (After Filipjev.) 

each of which bears a fascicle of tubular sucking-tentacles. 
Pedide thin, cylindrical, from one to one and a half times 
the length of the body. Contractile vacuoles varying in 
number from one to six. Macronudeus oval, central. 

Dimensions, — ^Length of body 80-110 fi. 

In fresh water, on Epistylis plicatilis or attached to water- 
plants or PoltttdMna and other freshwater moUuscs. 

Habitat. — Fresh water : Bombay. 
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Genus ACINETA (Ehrenberg), Collin. 

Aeineta, Ehrenberg, 1833, p. 284 ; 1838, p. 240 ; ClaparMe & 
Laohmaim, 1858-61, p. 387 ; Kent, 1880-2, p. 828 ; Biitsohli, 
1889, p. 1929 ; Sand, 1901, p. 268 ; Collin, 1912, pp. 636-48 ; 
Sohoeniehen, 1927, p. 271 ; Beiohenow, 1929, p. 1215 ; Kudo, 
1931, p. 404 ; Calkins, ] 933, p. 523 ; Kahl, 1934, p. 207. 

Animalcules solitary, conical or cylindro-ccnical, secreting 
a protective lorica, wholly or partly enclosing the organism. 
Lorica supported on a rigid, more or less extensively developed 
pedicle. Tentacles suctorial, capitate, variously distributed. 
Macronucleus rounded or elongated. Budding usually only 
endogenous. Ciliated embryo ■with ciliary girdle or complete 
ciliary coat. Inhabiting salt and fresh water. 



306. Aeineta taberosa Ehrenberg. (Fig. 209.) 

Acmeta tuberosa Ehrenberg, 1833, p. 285 ; 1838, p. 241, pi. zz, 
fig. X. 
•f Aeineta tuberosa, Carter, 1865, p. 287. 
Aeineta tuberosa, Kent, 1880-2, p. 829, pi. xlviii, figs. 25-8, 
pi. xlviii A, fig. 7 ; Biitsohli, 1887-9, p. 1929, pi. Ixsviii, figs. 1 a- 
f & h; SohewiflJkoH, 1893, p. 151 ; Sand, 1901, pp. 307-11, 
pi. vii, figs. 4-6, 11-14; pi. xii, fig. 9 ; pi. xiii, figs. 3-5, 7 
pi. xvi, fig. 14; Collin, 1912, pp. 337-40, figs. Ixxxii-lxxxiv 
Beiohenow, 1929, fig. 1193 o; Kudo, 1931, p. 404, fig. 173? 
Calkins, 1933, p. 228, fig. 117 o ; Kahl, 1934, p. 209, figs. 6, 
1-9, 11-23. 

Lorica compressed, subtriangular, widest at its distal 
margin, and thence tapering gradually towards its point of 





Fig. 209. — Aeineta tuberosa var. fcetida Sand, Collin, a, showing endo- 
genous buds ; 6, &ee-swinuning embryo. (FroniCalkins, 
after Butscbli.) 

junction with the pedicle, the lateral walls continuous over 
the frontal border, leaving two ovate apertures at the anterior 
angles for the extrusion of the tentades. Pedicle slender, 
rectilinear, varyiog from equal up to as much as four or five 
times the length of the lorica. Body of the animalcule mostly 
attenuate posteriorly, rarely filling the cavity of the lorica 
except towards the anterior border, invaribly adherent to it 
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by its posterior extremity, ia the region of the tentacles, and 
usually along four lines extending from the posterior extremity 
towards the anterior border, such lines of adhesion communi- 
cating to the body, as seen in veriacal optical section, a distinct 
quadrilateral contour. Tentacles forming two antero-lateral 
fascicles, protruding, when extended, through the corre- 
sponding oval apertures in the lorica, withdrawn in a sheaf- 
iflse manner into the substance of the body by invagination 
when retracted. Macronueleus elongate-ovate or cord-like, 
often contorted and branched. 

Dimensions. — ^Length of lorioa 50-100 fi. 

Semarks. — ^Thiee distinct varieties of this species are recog- 
nized. In A. tuberosa Ehrbg. var. fraiponti Sand, Collin the 
pedicle varies from two to five times the height of the body ; 
but in A. tuberosa forma brevipes Collin and A. tuberosa var. 
fc^ida Sand, Collin the pedicle is less than the height of the 
body. 

Habitat. — ^Fresh water : Bombay. 



2. Fanuly PODOPHRYID^ BiitsohU, 1889. 

Forms generally showing a bilateral symmetry. Only 
suctorial tentacles are present, over the entire body or grouped 
in fascicles. Individuals are naked or enclosed in delicate and 
close-fitting or coarse and loose-fitting test. Reproduction 
by division or by exogenous budding. IVee-hving or parasitic. 



Key to Indian Genera. 

1. Without test or cup 2. [Biitseh., p. 429. 

2 (3). Normally with stalk, attached Podopeeta (Ehrbg.) 

3 (2). Free-swixoming or parasitic Sptt ffntOPHHYA Clap. & 

[Lach., p. 433. 



Genus PODOPHRYA (Ehrenberg, 1833) emend. Butschli, 

1889. 

Podophrya Ehrenberg, 1833, p. 306 ; 1838, p. 305 ; Oaparfede <fc 
Laohmaim, 1858-61, p. 382 ; Carter, 1865, p. 287 ; Kent, 1880-2, 
p. 813 ; BQtsohli, 1887-9, p. 1927 ; Sand, 1901, p. 217 ; Collin, 
1912, pp. 396-401 ; Sohoeniohen, 1927, p. 289 ; Beichenow, 1929, 
p. 1217 ; Kudo, 1931, p. 402 ; Calkins, 1933, p. 524 ,- Kahl, 1934, 
p. 198. 

Body form somewhat spherical, without lorica ; knobbed 
tentacles arising from the whole of the surface. Length of the 
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stalk varying greatly. Contractile vacuole usually single. 
Macronucleus oval, central. Multiplication by fission into 
nearly equal parts ; ciliated embryo provided -with a broad 
miliary girdle. Salt and fresh water. 

K&y to Indian Species 

1 (4). Body nearly spherical, pedicle less than 

the diameter of the body 2. 

2 (3). Macronucleus dongate-oval or kidney- [Ehrbg., p. 431. 

shaped. Contra.etile vacuoles 1 or 2. P.ftxa(O.V.MvSi..) 

3 (2). Macronucleus spherical. Contractile [p. 430. 

vacuole absent P. hengal&nais Ghosh, 

4 (1). Body pyriform, pedicle longer than the 

body. Macronucleus ov^ or spheri- 
cal, contractile vacuole eccentric .... P. acmM Collin, p. 432. 



307. Podophrya bengalensls Ghosh. (Fig. 210.) 

^Podophffya bengalenaia Ghosh, 1929 c, p. 223, fig. 2. 

Body subspherical. Pedicle cylindrical, slightly dilated 
at its proximal end, and nearly two-thirds the diameter of the 




jjig. 210.— Podophrya bengalenaia, Ghosh. (After Ghosh.) 

body in length. Tentacles cylindrical, straight, capitate, 
■unequal in length, less than the body diameter in length, 
arranged radially, seventeen in number. Cytoplasm finely 
granular. No contractile vacuole. Macronucleus spherical, 
subcentral. 

Dimemions:~-'Diaxa.eteii of the body as given in Ghosh's 
paper is 32 mm. (probably an error for 32/*) ; length of the 
pedicle 22 mm. (probably an error for 22 jn). 

HaMtat. — Sewer water : Bengal, Calcutta. 
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308. Podophrya fixa (0. F. Miiller) Ehrenberg. (Pig. 211.) 



Tric?iodaJixa, O. F. Muller, 1786, p. 217, pi. xxx, figs. 11-12. 
Podophrya faa, Ebrenberg, 1833, p. 306 ; 1838, p. 306, pi. 

fig. X. 

AotmopfiTys pedioeUafa, Dujardin, 1841, p. 266. 
Actinophrya aol, part, Steiu, 1849, pp. 133, 147, 148 j 1854, 

pp. 140-50. 
Aoineta phase of Vorticella microstoma. Stein, 1849, pp. 142-5. 
Podophrya fiooa ClaparMe & Lachmann, 1858-61, p. 384. 
^PodopfoT/a fixa. Carter, 1865, pp. 287-8, pi. xii, figs. 9 e, 10 d. 
Podophrya fixa, Kent, 1880-2, p. 813, pLxlvi, figs. 24r^0; Sohewia- 

koff, 1893, p. 151; Sand, 1901, pp. 223-4; ColUn, 1912, 

pp. 396-7, pi. i, figs. 13, 14 : Sohoenichen, 1927, p. 289, fig. 819 ; 

Reiohenow, 1929, p. 1217 ; Kudo, 1931, p. 402, fig. 172, d, e ; 

Calkins, 1933, pp. 81, 480, figs. 43, 198 ; KaM, 1934, p. 198. 

Body spherical. Pedicle slender and usually sinuous, with 
its distal extremity abruptly expanded, its length, rarely 




Fig. 211. — Podophrya fisea (O. F. Mull.), a, animal showing oommenoe- 
ment of budding ; a', stalk highly inagnifi«d ; 6, setting 
free of the embryo ; c, beginning of encystment ; d Sc e, 
cysts. (Fronx Scboenichen, after Collin.) 



exceeding the diameter of the body. Tentacles numerous, 
slender, distinctly capitate, not exceeding the body-length, 
distributed throughout the surface of the periphery. Con- 
tractile vacuole single or double. Macronucleus elongate- 
oval or Mdney-shaped, subcentral. Cysts barrel-shaped, 
with three or four prominent trtmsversely amiular crests or 
ridges. 

Dimensions. — ^Length of the body 50-72 [t,. 

Habitat. — ^Fresh and salt water : Bombay. 
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309. Podophrya sandi Collin. (Fig. 212.) 

Aoineta gelaUnosa, Buck, 1884, pp. 298-304. 
Tridhophrya gelatinosa, Schewiakofi, 1893. 
Podophrya sp., Maupas, 1881, p. 305, pi. xix, fig. v. 
^Podophrya sp., Simmons, 1889, p. 145. 
Podophrya gelatinosa Sand, 1901, pp. 224-6, pi. vi, figs. 9, 11; 

pi. X, figs. 8-13 ; pi. xviii, figs. 8, 11, 13 ; pi. xxiii, fig. 9. 
Podophrya sandi, Collin, 1912, pp. 398-401, fig. cv ; Sohoenichen, 

1927, p. 291, fig. 820. 

Pedicle straight, inserted on a conical prolongation of the 
body, which gives it a pyriform. appearance. Tentacles 
numerous, xinequal, Imobbed, not exceeding in length three 
times the diameter of the body, uniformly distributed or in 




Fig. 212. — Podophrya sandi Colliii. a, stalkless stage ; 5, cyst ; 
c, adult stalked stage, a and b more bigMy magnified 
. than e. (After Sand.) 

one to three bundles. Contractile vacuole eccentric. Macro- 
nucleus central, spherical or oval. The motile stage 
has a complete girdle of ciha, two bundles of drawn-out 
tentacles, and a spherical macronueleus. Cysts are non- 
pedunculate. 

Remarks — Sand (1901) referred the form described by 
Simmons from Calcutta to PoAopTvrya gelatinosa (Buck), but 
Collin (1912) considered it a distinct species which he named 
P. satdi. 

Habifat. — ^Pond water : Bengal, Calcutta. 
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Genus SPHiEROPHRYA Claparfede&Lachmaim, 1869. 

Sphasrophrya, ClaparMe & Lachiuann, 185S-61, p. 385 ; Msozzakcm, 
1864, pp. 258-61, pi. 7 a ; Kent, 1880-2, p. 808 ; Biitselili, 1887-9, 
p. 1926 ; Sand, 1901, p. 226 ; Collin, 1912, pp. 401-3 ; Soheni- 
ehen, 1927, p. 292; Reichanow, 1929, p. 1217; Kudo, 1931, 
p. 402 ; Calkins, 1933, p. 524 ; KaU, 1934, p. 198. 

Animalcules without a lorica, usually more or less spherical 
in form, with distinctly capitate sucking-tentacles scattered 
irregularly throughout the periphery, freely movable, and 
never developing a fixed pedicle as in the genera PodopJirya 
and Acineta. Multiplication by equal or unequal division, and 
also through exogenous budding. Free-living or parasitic 
on or within other animalcules. 



310. Sphserophrya pusilla ClaparMe & Lachmann. (Figs. 
213 & 214.) 

Sphserophrya pusilla, Clapar^de & Lachmaoaii, 1858-61, p. 385, 

pi. i, fig. 11. 
Embryo oiParanuBcium bwrsarium. Stein, 1859 d, p. 99. 
Embryo of Vrostyla grtmdis. Stein, 1859 d, p. 103. 
Embryo ot Stytonichia mytihis. Stein, 1859 d, p. 103. 
'\Sp7imrophrya ep.. Carter, 1861. 
Sphserophrya sol, Mecznikow, 1864, p. 261, fig. 6. 
SphseropJirya slylonychisB, Kent, 1880—2, p. 810. 
Sphserophrya pusiUa, Kent, 1880-2, p. 808, pi. xlvi, fig. 6. 
Sphaerophrya sol, Kent, 1880-2, p. 810, pi. :dvii, fi^. 6, 7. 
Sphserophrya parameoionmi, Haupas, 1881, p. 304. 
Sphserophrya urostylm, Maupas, 1881, p. 304; Kent, 18S0-S, 

pp. 809-10, pi. xlvi, figs. 3-5. 
Sphserophrya, sp., ScheWiako£E, 1893, p. 151. 
Sphasrophrya puaiHa, Sand, 1901, pp. 228-30; CoUin, 1912, 

pp. 402-3. 
^Sphasrophrya pttaUla, Bhatia, 1920, p. 265. 
Sphserophrya sol, Schoenicben, 1927, p. 292, fig. 823 ; Beicheuow, 

1929, p. 1217, fig. 1201 ; p. 391, fig. 378. 
Sphserophrya pusiUa, Wenyon, 1926, pp. 1228-9, fig. 534; 

Schoeniohen, 1927, p. 292 ; KaM, 1934, p. 198. 

Body minute, spherical, bearing a variable number of short, 
widely scattered kaobbed tentacles. Contractile vacuole 
single. Macronucleus rounded or ovate. Multiplication by 
transverse fission. 

Diameter. — ^Diameter 12-15/i. 

Free-living or parasitic within many Hxpotbicha, Para- 
mecium, Nassula, etc. 

Bemarks. — A specimen of Paramecium caudatum con- 
taining four young individuals of this species was encountered 
At Lahore. Two of these individuals, provided with knobbed 

ore. 2 r 
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Fig. 213. — Sphmrophrya pusUla Clap. & Lachm. One enabryo is making 
its way into the cytoplasm of Parameomm ccmdaiinn near 
its anterior end. In the binder port a vacuole contains 
four organisms, from an opening of which an embryo iS' 
escaping. (From Keichenow, after BiitscMi.) 




Fig. 214. — Bphssrophrya pusiBa Clap. & Lachm. A, dividing stage }■ 
B, free-living individual with tentacles ; O, development^ 
of a firee-swimming embryo with tentacles and ciha. (From; 
Seichenow, aftis Butschli.) 
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tentacles all round, escaped imder observation and began 
to s-vpim freely. The body of these individuals was very- 
small. Biitschli (1887-9) identified the form occurring 
in Paramecium and described by Maupas as Sphserophrya 
paraimdorum with Sphs^ophrya pusiUa Claparfede & Ladi- 
mann. Sehoenichen (1927) and Reichenow (1929) consider 
the form occurring in Param&aiwm, Nassula, etc., as Sphsero- 
phrya sol Mecznikow. Mecznikow's work is not available to- 
me, but according to the brief abstract given in the 'Zoological 
Record ' (1864) S. aol Mecznikow was found in a marsh in. 
a wood. 

HcMtcA. — ^Endoparasite of Fwramecvam caudaMm Ehrbg. r 
PmrjAB, Lahore. IVesh water : Punjab, Hoahiarpur ;. 
Bombay. 
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Names of Genera and larger groups begin with a capital letter. 
All names printed in italics occur as synonyms on the pages 
referred to. 



AcareUa, 9S. 
acouminata (UroaemA), 

179. 
Addophorua, 128. 
Acineta, 425, 428. 
Aemeia, 425. 
Aemetaria, 43lZ. 
Aoinetid«e, 425. 
Actinobolhudaa, 76. 
aculeata (Freia), 239. 
aculeatum (Ento- 

dinimn), 281, 288. 
acutonucleatmn (Ento- 

dinium,) 281, 286. 
aoutum (Bntodioium), 

281, 289. 
xelosomatis (Anoplo- 

phrya), 200, 201. 
sslosomatis {RaMo- 

phrya), 201. 
affine (DiploclMwum,), 

329. 
affiue (Diploplastron), 

329. 



ae ( 

329. 
affine (Gbnostomnm), 

372. 
affine {PlagioiTioha), 

372. 
affine (Oxyirieiha,), 372. 
afpms (Oonostommn), 

372. 
■affviis (PlagioMoha), 

372. 
affmAa (Plcesooma,), 

385. 
■affima (Oxytric^ia), 372. 
iiffSAs {TcK^yeoma), 379. 



Aloricata, 396. 
rnnbigita (Bursmna), 

214. 
ambigua {Holophaya), 

214. 
ambigua (Nassula), 

126. 
ambiguum (Spirosto- 

mum), 214. 
mnbigwua (lAosipJum), 

126. 
ambigvaia {TradheHms), 

214. 
Am.phibotre]lidss, 105. 
Amphileptidse, 105. 
Ampbileptus, 105, 106. 
AmpMlepUia, 106, 115. 
ampulla (Eolliculina), 

239. 
ampulla (Freia), 239. 
ampulla (Foriioe/Zo), 

239. 
amygdalli (Balanti- 

dium), 246, 247. 
amygdaUi (ProtobaLcm,- 

tidmim), 247. 
onastatica (Bpistylis), 

414. 
anastatica {VorHaeUa), 

414. 
AncistrumidsB, 193. 
Ancistruminsa, 193. 
aogusta (Cepedea sey- 

cheUensis), 64, 68. 
amsacaathum (Anoph- 

dmium defiMoida- 

tum), 318. 
aoisacantbum (Diplo- 

dinium), 314, 318. 



aoisacanthum {Meia- 

dirwum), 318. 
annandalei (Holo- 

phrya), 76, 77. 
AnoploSkimm,, 309. 
Anoplophrya, 200. 
Anoplophiyidse, 199, 

200. 
Anoplophryiiiss, 200. 
onser {AmphHeptus), 

116. 
anser (Dileptus), 116. 
anser (VSMo), 116. 
tunteromuileaMiim (Ento- 

dinium), 295. 
Apostomea, 74, 198. 
o/ppenidMulaMis (Eup- 

lotes), 385. 
arcuata (Enchelis), 90. 
orcuata (Endhelys), 90. 
aimata (CaudaJina), 

208. 
artioulata (Epistylis), 

413, 414. 
Aspidisca, 388. 
Aspidiscidee, 363, 388. 
Aspidisoopsis, 388, 391. 
Astomata, 74, 199. 
aurelia (Parameci'inn), 

146. 147. 
a/uarelia (Paxajneciuin), 

160. 



bahadtiri (Lozodes), 

121. 
Balantidiids, 210, 211, 

244. 
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Balontidiopsis, 244. 
Balantidimn, 244. 
Balantiophorus, 182, 

186. 
balbiani (Didiniwn), 

93. 
balbiani (Monodinium), 

93. 
BaUadinopsis, 382. 
Balladynopsis, 382. 
bajierjeei [Orthodon), 

130. 
banerjeei (Orthodon- 

eUa), 130. 
bangalorensls (Cauda- 

lina), 208. 
bengalense (Opisthosto- 

mmn), 154. 
bengalensis (Aspidisca) 

391. 
bengalensis (Aspidi- 

scopsis), 391. 
bengalensis {Ohihdon- 

eUa), 129. 
bengalensis (Chilodon- 

topsia), 129. 
bengalensis {Ohlamydo- 

dontopsia), 129. 
bengalensis (Eolo- 

phrya), 76, 77. 
bengalensis (Opisiho- 

stoiuxun), 1S4. 
bengalensis (Fodo- 

phrya), 430. 
bengalensis (Toko- 

phrya), 426. 
bicaudatum {Diplo- 

dinium), 347. 
bioandatum {Diplo- 

dmium ecaudatmn), 

347. 
bicaudatum (Epidin- 

ium), 343, 347. 
bioaudatujn (Epidin- 

xam. eoavdoctiumC), 347. 
bicavata (Ealautidiiuu) 

247, 248. 
bieavata (ProtohcAem- 

Udiwm), 248. 
hic&ps (TracMhcerca), 

87. 
biconcaviini (Ento- 

ditiimn), 279, 290. 
bifldum (Entodinimn), 

280, 291. 
bifidmu (Entodinimn 

rosirOtrum), 291. 
bilobosom (Anoph- 

dmmrn poalerovesi- 

culaium), 310. 



bilobosum (Eodinium), 

309, 310. 
bimastus (Entodinium) 

280, 296. 
blattanitn (Balanti- 

divun), 246, 249. 
blattarum (Bursaria), 

226. 
blatktrum {Plagiotoma), 

226. 
Blepharisma, 212. 
Blepbarocoridse, 139, 

160. 
Blepharocorys, 160. 
BoKeridie, 193. 
BoverinsB, 194. 
bovis {Anoplodinnmi 

neglectum), 325. 
bovis (Balantidivm 

eoli), 246, 253. 
bovia (Blepharocorys), 

160. 
bovis (Eremoplastron), 

324, 325. 
bovis {EiuMplodmiwm 

negleclwm), 325. 
brevispimim (Ento- 

dinimn), 279, 296. 
brevispinum (Eremo- 
plastron), 326. 
bubali {Diplodinium), 

334. 
bubali (Elytroplas- 

tron), 334. 
btirsa {Diphditwum,), 

282. 
bursa {Diplodinmm), 

330. 
bursa (Entodinium), 

279, 282. 
Bvirsaj:ia, 240. 
Bmsaria, 164, 212, 244 . 
bursaria {Loxodea), 

148. 
bursaria (Paramecium), 

147, 148. 
Bursariidse, 210, 211, 

240. 
Batsohlia, 130. 
Butschliellinse, 200. 
BiitsohliidsB, 76, 103. 



oaVoHmm {Kerona), 

376. 
campanula (Vorticella), 

399, 400. 
campylum (Colpidium) 

173. 



campylum (TiUma), 

173. 
Carchesium, 398, 409. 
carteri (Otostoma), 181. 
earteri (Plagiopyla ?), 

140. 
carteri (Pyxioola), 

420. 
oattanei (JHplodvnmmSy 

350. 
cattanei (Diplodmium 

ecaudaium), 349. 
cattanei {Diplodinium 

ecaiudatum), 350. 
cattanei (Epidinium), 

344, 350. 
cattanei {Pphnjoaaolem), 

350. 



350. 

aaUa/nem (OphryoacoUa: 
ecaudaiua), 350. 

caUeneoi {Diplodmium 
ecaudat/um), 349. 

naitenoi (Epidinium), 
350. 

cattenoi {JEpidinium 
ecavdabum), 349. 

Caudalinfl, 207. 

etmdaia {Oxytridia), 
370. 

oaudatum {Diplo- 
dinium), 346. 

caudatum {Diplo- 
dmium), 344, 361. 

caudatum {Diplodin- 
ium eccmdatum), 346. 

caudatum (Entodin- 
ium), 281, 296. 

caudatum (Epidinium),. 
343, 346. 

caudatum {Epidinium 
ecmidatum), 346. 

caudatum (Farajne- 
cium), 147, 150. 

caudattis (Ophryosoo- 
lex), 354. 

caudatus (Opkryosoo- 
leao eccmdahts), 346. 

ccmdai/ua {OphryoscoUx 
inennis), 346. 

Centrostomatidse, 138. 

Cepedea, 63. 

ceylonicum (Diplodin- 
ium), 314, 315. 

Chsenea, 76, 92. 

Ohssnia, 92. 

Chca-on, 160. 

charon (Euplotes), 
385. 
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charon {Himanto- 

phcrrus), 385. 
charon [Plosseonia), 

385. 
charon (Triohoda), 386. 
OharoneUa, 160. 
ohatterjeei (Entodin- 

imn), 278, 297. 
CUUfera, 163. 
Chjlodochonidse, 422. 
CMlodon, 132. 
ChUodonoHa, 131. 

132. 
Chilodontopsis, 125, 

129. 
Chlamydodontidse, 124, 

131. 
Ohania, 92. 
Chonotricha, 72, 422. 
Chroniidinidse, 199. 
ehrysaUs (Panophrys), 

165. 
chrysalis (Parameoiwn) 

186. 
chrysalis (Para/moi- 

cmTn), 185. 
chrysalis (Fleiironenia), 

185. 
c{ca(2a (Aspidisoa), 389. 
CiUata, 49. 
cvmea: (Triohoda), 385. 
oitrina (Vortioella), 399, 

402. 
Clathrostonudss, 138. 
deuelandi {Diplo- 

dmrnm), 325. 
Olimacostomum, 233. 
cUpeolum (Ostraco- 

diniuju), 336. 
OodoneOa, 269. 
Cohnilembidse, 163. 
Colepidte, 75, 96. 
Coleps, 96. 
coli (Balantidium), 246, 

249. 
coli {Leiusophrya), 249. 
coli {Paramseoiwin), 

249. 
coli (Plagiotoma), 249. 
Colpidivun, 164, 173. 
colpidmm {GflaiuKyma), 

173. 
Colpoda, 141. 
colpoda (Golpidium), 

173, 174. 
colpoda (Pammteoium), 

174. 
Colpodidss, 138, 141. 
eompyla (Colpiditim), 

173. 



Conohophtbiridse, 193, 

194. 
Conohopthirius, 194. 
Conohopktkims, 194. 
Oondylostoma, 231. 
Condylostomidae, 210, 

211, 231. 
censors {Anoplodimum 

bubaUdis), 320. 
consors (Diplodimum), 

312, 320. 
consors {Diphdinizim 

bzihcdidis), 320. 
constricta (Pjrsdcola), 

420. 
oontraotmn (Bnto- 

dinium), 279, 298. 
convallaTia(Vortioella), 

400, 403. 
coraooidea (Opalina), 

61. 
cordata (Opalina lata), 

61, 65. 
oordifonnis (Bwrsaria), 

220. 
oordiformis {Nyctother- 

oides), 220. 
cordiformis (Nyoto- 

therus), 219, 220. 
cordiformis (Plagio- 

toma), 220. 
coronata (Pleuronema), 

185. 
corymbosum (Carche- 

siiim), 412. 
costata (Aspidisca), 

388, 389. 
costata (Ooeeudina), 

389. 
costatum (Diplo- 

diniuzn), 314, 321. 
Cothumia, 418. 
Gothwrma, 419. 
erassa (Ooecudina), 390. 
arassa {Plmironema), 

185. 
craiera (OodoneUa), 270. 
crat&ra (Vortioella), 

406. 
orista-galU (Anoplo- 

dmrnmn imstagaUi), 

323. 
erista-galli (Diplo- 

dinitim), 314, 323. 
OryptocfdlMm, 178. 
Ot&nosbymata, 360. 
Ctenostomida, 209, 360. 
owMttcetua (QMlodcm), 

133. 
cuouKo (Loxodes), 133. 



cuoullulus (OMZoffoji), 

133. 
cuoullulus (CJhilo- 

doneUa), 133. 
cuoullulus (Loaxdes), 

133. 
(yuaiMu3(ChUod(m), 133. 
oucidhis (Golpidium), 

175. 
oucullus (Colpoda), 142. 
ommII/us (Ko^x>da), 133. 
eucullus (Kolpoda), 142. 
dUMllus {Kolpoda), 

174. 
curies (CowihopMkirua), 

196. 
curtuin (EntodiTiiuTn)» 

279, 283. 
ourtus (Conohoph- 

thirius), 195. 
cu/rvilata {L&ucophrys), 

233. 
Cyathodinid», 139. 
Cyolidium, 182, 183. 
(^(Mdmm {AconUa), 

183. 
cyclidiumiPl&mronsma), 

183. 
Cyologramma, 125, 

128. 
Cyoloposihidse, 273. 
oylindrica (Anoplo- 

phiya), 201, 202. 
Oyrtolophosis, 186. 
Cyrtosixmmm, 164. 



Dasytricha, 166, 158. 
decora (Bursaria), 241. 
Dendroooiuetidss, 425. 
Dendroaomidsa, 424. 
dentata (Drepano- 

monas), 163. 
dentatum (Biplodin- 

imn), 312, 313, 314. 
dmiatwm {Diplo- 

dmium), 338. 
dentatum. (JBnto- 

dinium), 314. 
dentaMi,rn{Metadmvum),. 

338. 
dentatum (Ostraoo- 

dinium), 338. 
denUculatum (Anoplo~ 

dArmim d&ntiouda- 

tum), 314. 
dwiioulaMmii (Diplo* 

diniuml. 314. 
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<2entu»{Zafum (Diplodin- 
ium. deatatum), 314. 
denlAciuhtum (Diplo- 
dinium dmtioula- 
tam), 314. 
depresstun (JBaZanttdi- 

opsia), 253. 
depressum. (Balanti- 

dixim), 246, 253. 
depressTim (Protdbalan,- 

tidmm), 253. 
diacsmthum (Anojilo- 
dmiwrn dwHmla- 
turn), 317. 
diacauthum (Diplo- 
dioi-um), 314, 317. 
Didiniidffl, 75, 93. 
Didinium, 93. 
digitata (Pseudoglau- 

coma), 176. 
DileptuB, 116. 
Dil^lm, 106. 
■daldbium (Entodlniimn), 

299. 
dilobtun (Entodirn'mn 
anteronuoleatum), 
280, 295. 
dilobum (Eutodicium 

fiaroa), 280, 299. 
Diplodinium, 275, 312. 
J>iplodMmim, 332, 336, 

362. 
Diploplastron, 276, 

329. 
DiBComoiphidae, 361. 
DisoopbryidEe, 426. 
JHsaophryidae, 207. 
Drepanoeeiros, 163. 
Drepaaomonae, 163. 
Drepanostioma, 119. 
dubardi (Bntodiniuia), 

279, 284. 
'duZxtrdli (Butodiniuin), 

286. 
Aabard& (Entodiniiuu 

dubardi), 284. 
duodem (BoHomMAop- 

ais), 264. 
-duodeai (Balantidiuni), 

247, 254. 
JDysteridse, 124. 



'eberleini (Diploclin- 

■hmt), 351. 
■eberleini (Bpidimmn), 

344, 361. 
«caadatimaL {Diplo- 

dinmn), 344. 



eccmdatum {Diplo- 

dirmim), 346. 
ecaudatum {Diplo- 
diniwm ecmidaiwm), 
344. 
eoaudatum (Epi- 

dinirnn), 343, 344. 
edentatus (Prorodon), 

82. 
ekendrse (Entodinium), 

281, 299. 
ElephantophUua, 357, 

359. 

elHpsoideum (Slnto- 

diiuTrai), 279, 284. 

elongata (Azioplo- 

phrya), 201, 203. 

elongata (Oyrtolopho- 

sia), 187. 
elongatum (Balacti- 

dimn), 246, 256. 
elongatum (Eato- 
dinium), 278, 291. 
elongatum (ProtdboiUm- 

tiMum), 266. 
eloQgatus (Balantio- 

pborus), 187. 
elongatns (Oonchoph- 

thiriiis), 195, 196. 
Eljrtroplflstron, 276, 

334. 
Enohelis, 75, 90. 
Emhelys, 90. 
EctoduiioinoTpba, 209, 

210, 273. 
Entodiminn, 276, 

277. 
Entorhipidiidss, 138. 
Eodiniran, 276, 309. 
Epalcid», 360. 
Ephelotidse, 434. 
Epidinium, 276, 343. 
S^istylldse, 396, 413. 
epietylidCs (Corche- 

Edum), 410. 
Epistylis, 413. 
epistyUs (Carohe- 

sium), 410. 
Eremoplastam, 276, 

324. 
JEspejoia, 186. 
Euciliata, 49, 72. 
Eudiplodinimn, 276, 

330. 
Eudiplodirmmi, 324, 

329, 332. 
Eiuaouodontopbiyinss, 

205. 
Euplotes, 384. 
Euplotidse, 363, 384. 



faadoulaium, (CoreAe- 

aiwm), 406. 
fasomiiua (Epidinium 

cmidatum), 350. 
Jaeoioul'us (Epidioimn 

ecaudatwm), 360. 
Jasoieuiua {Ophryoaco- 

Ux), 350. 
fasciola (AmpMUptus), 

107. 
iBa<Ao\a,(Dileptiua), 107. 
fasciola (Leionota), lOT. 
{aaeiohi, [lAonoiua), 107. 
fasciola (Litouotus), 

107. 
fasciola {LoscophyUtim), 

107. 
flhim, {Spiroatomum), 

217. 
filum, {Vroleptus), 217. 
florentmU {Diplo- 

cUmum), 338. 
fixa (Podopbiya), 430, 

431. 
fixa (Trichoda), 431. 
flabeilum (Diplo- 

diniuin), 314, 323. 
flava (Biirsaria), 181. 
flava (Ophryoglaoa), 

181. 
flava (PanopJtrya), 181. 
FoattingeriidsB, 198. 
Eoettingeriinse, 198. 
EoUiculina, 238. 
EoUiculinidse, 210, 212, 

238. 
Freia, 238. 
frommOelU (Seypbidia), 

397. 
Froutonia, 163, 164. 
Eroatouiidse, 162, 163. 
fwca (Entodinium), 

299. 



galea (Epistylis), 413, 

416. 
QastrostyK 371, 377. 
gauri (Ostracodinium), 

336, 337. 
gdatinosa (Adneta), 

432. 
gdaimoaa (Podophrya), 

432. 
gehlmoaa [Trioophrya), 

432. 
Qeleiidse, 138. 
gibberosmn (Ento- 

dmium), 280, 300. 
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^ganteum (Balau- 

tidium), 246, 257. 
gigas (Dileptus), 116. 
Glaucoma, 164, 170. 
Ctlcmcoma, 168, 169, 

186. 
glaucoma. (Cyclidimu), 

183. 
globosa (Urotricha), 

81. 
globosa (Yorticella), 

400, 404. 
'Gonostomum, 371, 372. 
gracile (Balaatidium), 

246, 258. 



gracile), 337. 
gracile (Ostraoo- 

dinium), 335, 337. 
graoUe (Ostraoodmium 

gracile), 337. 
gracile {Proftobakmti- 

dmm), 258. 
graoilis (Balantidium), 

268. 
grandinella (Halteria), 

268. 
grandinella (Triohoda), 

268. 
grandinella {Triaho- 

dma), 268. 
graudis (Pletirotiicha), 

374. 
gria&us (Prorodon), 84. 
gutta {AmpMleptus), 

118. 
ffuita (Lacrymaxia), 

87. 
ga.tt&{TraoheUna), 118. 
gutta (Trachelius), 118. 
Gymnostomata, 73, 74. 



Halteria, 267. 
HalteriidsB, 267. 
Haptophryidse, 199, 

207. 
lielenae {Balaatidium), 

246, 259. 
helaen {Diplodimmm), 

327. 
belus (Litonotus), 113. 
baLus (Loxophylluiu), 

112, 113. 
Hemlapeirinse, 194. 
Heterotrioha, 209, 210. 
Mrta {OereaHa), 97. 
birtus (Coleps), 97. 
Holophiya, 75, 76. 



HolopbiyidsB, 75. 
Eolosticha, 365, 367. 
Holotricha, 72, 73. 
Hoplitophiyidse, 199, 

205. 
HoplitopbryiiMe, 205. 
hyaUnum (Bailon- 

tidium), 254. 
Hymenostomata, 73, 

162. 
Hypocomidse, 194. 
Hypostomata, 74, 124. 
Hypotridha, 209, 210, 

361. 



indioa (Holopbrya), 76, 

78. 
indica (Soyphidia), 396, 

397. 
iudicum (Entodinium), 

281, 301. 
indicimi (Sigm.osto- 

mum), 168. 
inermis {Ophryoscolex), 

344. 
infusionus (Litonotus), 

107, 109. 
intemdxius (Ophryosco- 
lex), 346. 
intestinalis (Isotricba), 

156, 158. 
latosbellinidse, 199. 
Isotricha, 156. 
Isotricbidffl, 139, 156. 



kempi (Uyototherus), 
219, 221. 

kenti (Coleps), 98. 

knowlesli (Balanti- 
dium), 247, 260. 

knowlesii {LeptogUna), 
260. 

knowlesii {Protobalcm- 
tidium), 260. 

Kolpoda, 141. 

Kondyliostoma, 231. 

Kondylostoma, 231. 



Idbiabua {Ophryoscolex), 

344. 
Lacrymaria, 76, 85. 
Lacrymaioria, 86. 
lacustris {CodoneUa), 

270. 



lacustris (Tintitmop- 

sis), 270. 
Iseve (Sntodinium an- 

teronuoleatum), 278, 

294. 
Lagenelidse, 138. 
laboriensis (Opalina 

coracoidea), 61, 62. 
lamelUdens (Concbo- 

phtbirius), 195, 197. 
Uuiceolata (Cepedea), 

54. 
lanceolata {Opcdma), 

54. 
lamoeolata (Pleuro- 

trioha), 374, 376. 
lanceolata (Siylony- 

cMa), 376. 
la,ta (Opaliua), 61, 64. 
lata (Opalina oordata), 

61, 66. 
laterale (Entodinium), 

280, 292. 
lateralis (Holopbrya), 

76, 79. 
laterospinum, (Snto- 

dinium), 279, 301. 
Leionoia, 106. 
Ijeptopha/ryngidse, 163. 
leucas (Bwrsaria), 166. 
leuoas (Oyrtostomwm), 

165. 
leucas (Frontonia), 166. 
leucas {Panophrys), 

165. 
Lewx>phrys, 244. 
Licnopboridse, 210, 

212. 
lAonotus, 106. 
Liosiphon, 125. 
Litonotus, 105, 106. 
lloydi (Anoplopbrya), 

201, 202. 
lobatum. (Eodiniiim), 

309, 310. 
lobatum (Epidinium), 

351. 
loboso-spinosum (Ento- 
dinium), 280, 285. 
longa (Cepedea), 54, 66, 
longa {OpaMma), 64, 55. 
longinucleatum (Ento- 
dinium), 279, 286. 
longirema {Plossconia), 

385. 
longispmu/m {Diplo- 

dvimiim), 361. 
Loricata, 395, 418. 
Loxodes, 119. 
Loxodidse, 106, 119. 
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Lozophj'll'uin, 105, 

112. 
Loxophylkim, 106. 
hmtbrid (i^noplo- 

phiya), 202. 
lunaria (Vortioella), 

400. 
lynceus (Aspidisoa), 

388, 390. 
lynoeus {Trichoda), 

390. 



macrontLdeata {Opa- 

Una), 52. 
macroimcleata (Zelleri- 

ella), 52. 
iaA.oropliaryxLgeus 

{Nyctotheroidea), 222. 
macropharyiigeus 

(Nyctotherus), 219, 

222. 
ixtaggii {Diphdimum), 

330. 
noaggii (Budiplo- 

dinium), 330. 
magnodentatmu (Ere- 

moplastron), 326, 

326. 
magnns (Nyototherus), 

219, 224. 
majw {AwpMAimmih 

coetotom), 321. 
ma0or (Diplodmium 

costatiim), 321. 
malabarica (Kyoto- 

therus magnus), 219, 

225. 
mammosum {Diplo- 

dvm/um), 338. 
TnaTnmosum (Ostxaoo- 

dinium), 336, 338. 
rMt/rgatitijer {Amrphilep- 

Vua), 116. 
mmma l_Fleuronema), 

185. 
marina (Uronema), 

179. 
mariaimi fUronema), 

179. 
Marypidse, 137. 
massiUeneia {AmpM- 

kpius), 107. 
matthaii (Telotriohi- 

dium), 191. 
Maupasella, 206. 
MaupaseUidse, 199, 206. 
MaapaseUinse, 205. 
maupaH (Anoplo- 

phrya), 201. 



maupasi (Colpoda), 

142, 143. 
medium {Diphdimum), 

332. 
medium {Eudiplo- 

dinium), 332. 
mediima (Metadinixim), 

332. 
meleagris (Amphi- 

leptus), 114. 
meleagris {Kolpoda), 

114. 
meleagris (Loxopbyl- 

lum), 112, 114. 
Mesmlelliase, 205. 
Mesodimmu, 93, 95. 
Metaoystidse, 75. 
Hetadinivim, 276, 332. 
Metadirmim,, 335. 
metoalfi (Cepedea), 54, 

66. 
Hetopidee, 210, 211. 
microstoma (Vortioella) 

400, 405. 
miTLOT (Diplodinimu), 

314, 322. 
minoT (Diplodinium 

costatiim), 322. 
mm/US (Spirostormim), 

214. 
minuttis (Balantio- 

phorus), 188. 
Mobilia, 395. 
m.obilis (Uroleptns), 

369. 
monacanthum (Ano- 

plodmrnim demiM/u- 

latwm), 316. 
monaoanthmxi (Diplo- 

disium), 314, 316. 
monaaardimm (Diplo- 

dinium), 316. 
moTu'liforme (Spathi- 

dium), 101. 
mom,KJorm& (Spathi- 

dium apaihtda), 

101. 
monolobum (Ento- 

dJTiiiiTn anteronucle- 

atum), 279, 295. 
TOtMsicoZa (Oyrtolopho- 

sis), 188. 
mMeri {Stemtorj, 235. 
TmMpes (Oaj/Jnoto), 

366. 
Myleatomidse, 360. 
mysorei (Ostraoo- 

dinium), 336, 339. 
mysoreiun (Poly- 

diniiun), 367. 



mystaoea (Qast/roaMa), 

367. 
mystaoea (Holostioha)- 

367. 
mystaoea (OxytriclM)^ 

367. 



naneUum (Entodi- 

nium), 278, 302. 
ITassula, 125. 
iJassula, 128. 
NassulidsB, 124, 125. 
nasvta ( VonAoeOa), 94. 
nasutum (Didinium), 

94. 
naihsei (Telotrlohi- 

dium), 191. 
ncMhoM (Telotriohi- 

dium), 191. 
NiooUeUidsB, 139. 
mgricans (Cyolidium), 

183. 
lAgrieans {CryptoohA- 

lum), 179. 
nodtilosa IJEnaheius), ' 

183. 
nova (Maupasella), 206. 
nuda (BalLadinopsis), 

383. 
nuda {BaUadynopsis)y 

383. 
Nyctotheroides, 218. 
Nyototherus, 218. 



Ootocirrus, 272. 
Oligotrioha, 209, 210, 

267. 
olpr (Lacrymaria), 86, 

87. 
olor (Traohelocerea), 87. 
olor (Vibrio), 87. 
Opalina, 53, 60. 
Opalinidsa, 51. 
Opalininss, 61, 63. 
OpaUnopsidjs, 198. 
Ophryodeadrid^, 425. 
Ophiyogleiia, 180. 
Opkryoglena, 164. 
Ophi^oglemdffi, 162, 

180. 
OphiyosooleoidsB, 273, 

274. 
OphiyoBooleoinse, 275. 
C^hjyosoolex, 276, 

352. 
Opistbostomum, 154. 
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Orthodon, 130. 
Orthodonella, 125, 

130. 
Ostraoodinimn, 276, 

335. 
Otostoma, 180. 
ovale (BalanticUiun), 

259. 
ovale (Entodinium), 

303. 
ovale (Paramxoium), 

172. 
ovale (Stegoohilum), 

178. 
ovalis (Eatodiiiiuin), 

278, 303. 

ovaJis (Nyototherus), 

219, 226. 
ovalis (Tintiiuiopsis), 

271. 
ovata (Acomia), 172. 
ovatum (Balantidium), 

246, 261. 
ovatum (Protobalanti- 

diwm), 261. 
ovinum (Entodinium), 

279, 304. 
ovoideum (Eato- 

dinium), 279, 305. 
ovoido-nuoleatum 

(Entodinium), 281, 

305. 
ovuVum, (Aeomia), 172. 
Oxytrioha, 372, 378. 
Ovcytricha, 372. 
Oxytriohidse, 362, 365. 



PanopTvrys, 164, 180. 
papillatuB (Nyoto- 
therus), 219, 228. 
Parabursaria, 243. 
paradoaa (Euplotes), 

386. 
ParaisotriohidsB, 139. 
Pcatarnssmunn, 145. 
Farameciidse, 138, 145. 
pa/ramiedonmi (Sphaero- 

phrya), 433. 
Paramecium, 145. 
parva (Butsolilia), 104. 
paivioaudatum. (Epi- 

dinimn), 344, 349. 
parvictmdata (Ophryo- 

aeolex fasdouku), 

349. 
patella (Euplotes), 385, 

386. 
patella (Kerona), 385. 



patella (PloBsconia), 

386. 
patella {Trickoda), 386. 
patellina (VortioeUa), 

400, 406. 
patens {Oond/ylostoma), 

231. 
patens (Kondylio- 

stoma), 231. 
patens {Kondylostoma), 

231. 
patens {TruJioda), 231. 
patens {Urolepfrus), 

231. 
pattda (LeiMxyplwys), 

233. 
patuhmi {Kondylo- 
stoma), 231. 
pellionella (Oxytrioha), 

379. 
pellionella {Tachysoma) 

379. 
pellionella (TricJioda), 

379. 
pentacanthum. {Ano- 

plodmium dentioiUa- 
' turn), 318. 
pentacanthum (Diplo- 

dinium), 314, 318. 
Perioaryoninse, 198. 
Peritrioha, 72, 393. 
Peritromidse, 210, 362, 

363. 
Peritromoidea, 363. 
Phascolodon, 131. 
pheretima (Farabux- 

saiia), 243. 
PMaUna, 85. 
PhilasteridsB, 163. 
PilisuotoridsB, 124. 
pisciculum (Ento- 
dinium), 280, 287. 
piscis (Amphiaia), 370. 
piseis (Triehoda), 370. 
pisois (Uroleptus), 369, 

370. 
Plagiopyla, 139. 
Plagiopylidse, 138, 139. 
Plagiotoma, 244. 
PlagiotomidsB, 210, 211, 

218. 
Plagiotricha, 372. 
Platyoola, 418, 420. 
Pleuronema, 182, 184. 
Pleuronematidffi, 162, 

182. 
pleurosigma {HemM- 

phrys), 110. 
pleurosigma (Lionotus), 

110. 



pleurosigraa (Litono- 

tus), 107, 110. 
Pleurostomata, 74, 105. 
Pleurotricha, 371, 373. 
Pleurotrichiose, 362, 

371. 
plioata (Opalina), 61, 

65. 
pUoatUis (Epistylis), 

413, 417. 
pUcaius (Loxodea), 389. 
Plcesconia, 384. 
Podophiya, 429. 
Podophrya, 426. 
Podophj^idse, 425, 

429. 
Polydiniinse, 275, 356. 
Polydinium, 357. 
polymorpha ( VorUaeUa), 

235. 
polymorphus {Stentor), 

235. 
polymorphus (Stento- 

rella), 235. 
polypina {VorHceUa), 

412. 
polypinum (Camshe- 

sium), 410, 412. 
PoVypUtstron, 334. 
Polyspirinss, 198. 
Prorodon, 76, 81. 
prostoma (Isotricha), 

166, 157. 
Prostomata, 74. 
paroteua (Laerymaria)^ 

87. 
Protoboilantidi/um, 245. 
Protooiliata, 49, SO. 
ProtohaIlid», 139. 
Protoopalinffi, 51. 
Pseudoglaucoma, 164,. 

176. 
Psilotriohinee, 362, 382. 
psittaoeum (Anoplo- 

dimwn), 319. 
psittaoeum (Diplo- 

dinium), 314, 319. 
pulex (HiMeHd), 95. 
pulex (Mesodiniran), 

95. 
punjabenais (Cepedea),. 

54, 57. 
punjabenais (Loxodea), 

121. 
pv/n^'abensis (Loxophyl- 

himfasoiola), 110. 
pvpida (Lacrymaria)^ 

87. 
pura {GUmooma), 169. 
pura (Triohoda), 169. 
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pumiensis (Sojrphidia), 

396, 398. 
pusilla (SphsBTophrya), 

433. 
pusfulata {Kerona), 

381. 
pnstulata (Stylony- 

ohia), 381. 
putrinus {Loxooepha- 

hta], 180. 
Pyonothriohidsa, 139. 
pyriformifl (Glaxiooma), 

170. 
pyriformis (CfUmaoma), 

175, 176. 
pryiformis (Levco- 
_ phrya), 170. 
pyrum {Triohoda), 170. 
Pyxioola, 418, 419. 



quadricaudatian (Dip- 

lodinimn), 348. 
qTiadrieaiidatvim {Dip- 



348. 
'quadricaudatum. (Epi- 

dininm), 343, Z48. 
qoadricaiidatxim (Epi- 

duiixun ecaudcUum), 

348. 
quadrioaudatiis {Oph- 

ryoscoles! ecaudiaiits), 

348. 
•cfuadxipartita {Podo- 

phrya), 427. 
quadripartita {Tooo- 

pTurya), 427. 
qoadripartita {Toko- 

phiya), 426, 427. 
quadrivesioulatiun 

{OstracodirLiimi), 
336, 340. 



BadiophryiiMe, 205. 
radAosa (P/tesoonio), 

386. 
ramosisBvma ( VotiA- 

aeOa), 412. 
ranarum (Balaatidium, 

247, 262. 
raaarum (OpaUna), 61, 

66. 
xeotangolatnin (Eo- 

dmiixm), 309, 311. 
rectangulatum (Ento- 

dimmn), 281, 293. 
Beichenowellidie, 210, 

211. 



ren (Colpidivim), 174. 
renifbrrais (Nyoto- 

theras, 219, 229. 
rhesum (BaJaatidiimi), 

246, 262. 
rhesus (Ghdiodon), 135. 
rhesus (Chilodonella), 

133, 135. 
rhomboideum (Ento- 

dinium), 279, 306. 
roBseli {Stentor), 237. 
rostratura (Diplo- 

dinium), 327. 
rostratura (Ento- 

diaium), 279, 288. 
rostratum (Eremo- 

plastron), 324, 327. 
rostratom {Eiidiplo- 

dimrnn), 327. 
rostrum (Loxodes), 

121. 
rotundatum {Heta- 

dmium), 332, 333. 
rotundmn (Balaati- 

dium), 247, 263. 
]^>tundaiit (Eremoplas- 

tron), 324, 328. 
rubene {Aeidophorus), 

128. 
rubens (Cyologramma), 

128. 
rubens {Naaaida), 128. 
rugolorioatuia (Ostra- 

codinium), 336, 340. 
mmiTiantium (Dasy- 

tricha), 168. 
rummaxLtium {lao- 
iricha), 158, 159. 



Sa^ttariidte, 162. 
saUans {Al/yacum), 183. 
saadi (Podophiya), 430, 

432. 
scalpriformis (Opalina) 

61, 68. 
sciutiUans (Grlaucoma), 

170, 172. 
Soyphidia, 396. 
Soyphidiidse, 396. 
Sessilia, 395. 
setifeta (Gastrostyla), 

377. 
aetifera (PteuroSrtcte), 

377. 
aetriai (Entodmium), 

280, 307. 
seycheUeosis (Cepedea 

aagusta), 64, 68. 



sialkoti (Cepedea), 64, 

58. 
Sigmostomum, 163, 

187. 
sUunis (Kerona), 381. 
similis {Hemiophrys), 

111. 
similis (Litonotus), 107, 

111. 
similis (Lionotus), 111. 
simplex (Entodijiixmi), 

279, 308. 
simplex (Holopbiya), 

76, 79. 
simplex (Peritro- 

moides), 363. 
siro {AoareUa), 96. 
sol (Aatmophrys), 431. 
sol (Sphserophrya), 433. 
Spathidiidse, 74, 101. 
Spathidium, 101. 
spathula (Spathidium), 

101. 
sphfsratus (Octocirrus), 

372. 
Sphaerophrya, 429, 432. 
Sphenophryidse, 194. 
apmosum (Bntodinium 

dviardi), 285. 
spinosua (Ophiyo- 

soolex), 353. 
spiraUdentis {OhModon), 

135. 
spiralidentis (Chilo- 
donella), 133, 135. 
spiraMa (Laoiymaria), 

89. 
spirigera (Buraaria), 

233. 
Spirochonidas, 422. 
Spirostomidaj, 210, 211, 

21*. 
Spirostomum, 212, 213. 
Spirotrioha, 72, 209. 
Spirozonidffl, 138. 
Stegochilum, 164, 178. 
steini {Chilodon), 133. 
steim (Colpoda), 144. 
sfceinii (Colpoda), 142, 

144. 
steni (Colpoda), 144. 
Stemtor, 234. 
Steatorella, 233, 234. 
Stentoiidse, 210, 212, 

233. 
stewarti (Prorodon.), 

82, 83. 
Stichotricba, 365, 368. 
stramphii (Liosiphcn), 
126. 
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stramphii (Nassula), 

126. 
striata (Laosrymaria), 

86, 87. 
striatvuu (Colpidium), 

173, 175. 
stnat/um {Dre^no- 

stoma), 123. 
striatus (Coleps), 98. 
striatus (Loxodes), 121, 

123. 
StrobilidiidsB, 267. 
abromphU (Nassula), 

126. 

hie (Spluero- 



phiya), 433. 
Stylonyohia, 372, 380. 
Buboylindrioa (Cepe- 

dea), S4, 60. 
Bubcylindrioa (OpcMna) 

60. 
suboylindrioa (Vorti- 

cella), 399, 407. 
submiorostonia (Vorti- 

oella), 400, 407. 
subprooubens (Vorti- 

oella), 400, 408. 
svbproeumhmia (Vorti- 

cella), 408. 
subrotunda (PlcMconia), 

386. 
Babsiiniata (Vorti- 

oella), 399, 409. 
Suctoria, 49, 423. 
Sulcigeridse, 139. 
siiahilii (Bakmtidiiiin), 

246, 264. 



Telotrichidiimi, 189, 

191. 
T&ntacutAfera, 423. 
teres (Prorodon), 82, 

84. 
teres (Spirostomum), 

214, 217. 
termitis (Nyototherus), 

219, 229. 
testudinis (Balaati- 

dium), 246, 266. 
tetracanthuiD (Ano- 

plodinium deniicu- 

latum), 318. 
tetracanthuin (Dlplo- 

diiumu), 314, 318. 
thiagi (Cepedea), 64, 

60. 
Thigmophryidee, 193. 
Thigmotrioba, 73, 193. 
Tintumidn, 267, 269. 



Tintionopsis, 269. 
TinHnnua, 269. 
Tocophrya, 425. 
Tokophj^a, 425. 
TraoheliidsB, 105, 115. 
Traehelius, 115, 117. 
Traeheloceroa, 76, 92. 
triacoathmn {Anoph- 

dimum denMaula- 

tum), 317. 
triaoanthum (Diplo- 

dinimn), 314, 317. 
triangularis (OpaUna), 

61, 68. 
tricaudatiim {Diplo- 

dmium), 347. 
tricaudatom (Diplo- 

dmium ecaudatum), 

347. 
tricaudatmu (Epi- 

diuium), 343, 347. 
tricaudatmn (Epidin- 

iiun ecaudahtm), 347. 
iricmidaMa {Ophryosco- 

lex ecaudatus), 347. 
Triohoda, 163, 168. 
TriOwda, 267. 
Triehodma, 267. 
Triohopelinidss, 138, 

153. 
Trichospiridse, 138. 
■ Trichostomata, 73, 137. 
tnoinctus (Ophryoseo- 

le^caudiaua), 354. 
tricoronatus (Ophryo- 

scolex), 363, 354. 
triooronatufi (Ophiyo- 

scolex caiidatus), 354. 
trioostatum (Ento- 

dioiimi), 281, 308. 
Trimyemidffi, 138. 
triveflioTjIfltum (Ostra- 

oodiniTim), 336, 341. 
troncateila (Bxirsaria), 

241. 
taberosa (Acineta),428. 
turbo {Oe/ircaria), 189. 
turbo (Urooentrum), 
189. 



uncinatus (Coleps), 

100. 
UrocentridsB, 163, 189. 
Uroeentnim, 189. 
Uroleptus, 366, 369. 
TJronema, 164, 178. 
Urostyla, 365, 366. 
tavstyla {Oxytric^), 

366. 



uros^lx (Sphasro- 

pliya), 433. 
Urostylinse, 362, 365. 
TJrotrioha, 76, 80. 



Vaginicola, 418, 419. 
Vcigmieola, 420. 
VaginicoIidsB, 418. 
variabilis (Aaoplo- 

pluya), 200, 204. 
ventrieuli (Blepharo- 

corys), 160. 
ventrieuli (Oharon), 

160. 
venustum (Ostraoo- 

dinium), 336, 342. 
vermieulairis (Laory- 

maria), 86, 89. 
vermiculari8(PMoJ'!n«)^ 

89. 
vermicularis (Tri- 
ohoda), 89. 
venuMs (Froatonia), 

166. 
vemaUs (Panophrys), 

165. 
versaiiUs (Trachdo- 

cerca), 87. 
veH {Stentor), 235. 
virens (Cliinaoosto- 

mum), 233. 
virens (SpiroBtomum), 

233. 
virgula (Opalina), 61, 

70. 
mridis (Euplotes), 386. 
inridia (Laorymaria), 

87. 
viridis (Trachdoceroa),. 

87. 
viridis (Stentor), 237. 
viridis (Stentorella), 

237. 
voTox (Entodimum), 

282. 
Vortioella, 398. 
vorHceUa (Buisaria), 

241. 
Vortioellidse, 396, 398. 



vieissei (Urostyla), 366. 
weissii (Urostyla), 366- 



ZeUerieUa, 52. 

zeta (Elephantophilos),. 

359. 
Zoothamniuin, 398. 
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PLATE I. 

Fig. 1. Eniodmium acutonvdeat/wm, Kof. & MacL. 

2. „ kmginucleaimm Dogiel. 

3. „ laterospinvm Kof. & MacL. 

4. „ indicum Kof. & MacL. 

5. „ trioostatmm Kof. & MacL. 



[From Kofoid & MacLeiman's Ciliates from 
Bos ividicus Liim., 1930.] 



CILfOPHORA. 



PLATE I 




PLATE II. 
Fig. 6. Eviodmnum rosi^vMi/m 'EioTeabim. 

7. „ rhomhoideum Kof. & MacL. 

8. „ naneSmm Dogiel. 

9. „ pisdcuhim Kof. & MacL. 
10. „ bimastus Dogiel. 

[From Kofoid & MacLennaa's Ciliates from 
Bos indiaus Linn., 1930.] 



CILIOPHORA. 



PLATE II. 




tLATE itt. 
Kg. 11. Erdodinium ovoideum Kof. & MaoL. 

12. „ acukatum Kof. & MaoL. 

13. „ bifdum (Dogiel). 

14. „ biconcavum Kof. & MacL. 

15. „ acfuMim Kof. & MaoL. 



[From Kofoid & MacLennan's Ciliates from 
Bos vndknis lann., 1930.] 



CILIOPHORA, 



PLATE III, 






PT,ATE IV. 


-Fig. 16. 


Entodinium laterak Kof. & MacL. 


17. 


„ eUipsoideum Kof. & MacL. 


18. 


„ brevispinum Kof. & MacL. 


19. 


„ re/iungvMum Kof. & MaoL 


20. 


„ gibberosum Kof. & MaoL. 



[From Kofoid & MacLeiman's Ciliates from 
Bos i-ndicus Lion., 1930.] 



CILIOPHORA. 



PLATE IV. 




PLATE V. 
Fig. 1. Diplodinium psittaceum Do^el. 

2. „ dentatum Schuberg. 

3. Eodinium lobatum Kof. & MacL. 

4. „ rectangulatum Kof. & MacL. 

5. Dyplodinium ceyhniaum Kof. & Christ. 

6. „ flabdlum Kof. & MaoL. 

[From Kofoid & MacLennan's CSlates from 
Bos indictis Linn., 1932.] 



CtLIOPHORA. 



PLATE V. 







PLATE VI. 

Fig. 7. Eremoplastrcm rostraium (Fiorentini). 

8. „ brevispinum Kof. & MaoL. 

9. „ magnodeniatum Kof. & MacL. 

10. „ bovia (Dogiel). 

11. „ rotundatwn Kof. & MaoL. 

12. Evdiplodinium maggi (Fiorentini). 

[From Kofoid & MaoLeiman's Ciliates from 
Bos Indians Linn., 1932.] 



CIUIOPHORA. 



PLATE VI. 




PLATE VII. 
Fig. 13. Bhjtroflaslron bttbaU (Dogiel). Left lateral view. 

14. „ „ „ Right lateral view. 

15. Ostraoodiniwn cUpedum Kof. & MacL. 

16. Metadinium medium Awerinzew & Mutafowa. 

[From Kofoid & MaoLennan's Ciliates 
from Bos incUcvs Linn., 1932.] 



CILIOPHORA. 



PLATE VII. 






PLATE Vm. 

Fig. 17. Ostracodinium mammosum (Railliet). 

18. „ gracile (Dogiel). 

19. „ quadrivesuyuhtum Kof. & MaoL. 

20. „ rugoloriccUmn Kof. & MaoL. 

21. „ vemiatum Kof. & MaoL. 

22. „ trivesicuUttum Kof. & MacL. 



[!Prom Kofoid & MacLeiman's Ciliates 
from Boa indicus Linn., 1932.] 



CILIOPHORA. 



PLATE VIII. 




PLATE IX. 

Fig. 1. Epidinium cavMum (Korentini). 

2. „ tfkmMm (Sharp). 

3. „ ^MncmMum (Sharp). 

4. „ hicavMum (Sharp). 

5. „ eb&rkini (da Cunha). 

6. Ophryoscdex spinoms Kof. & MacL. 

7. Epdmivm cattaui (Korentini). 

[From Kofoid & MacLeiman's COiates 
from Bos indicus Lmn., 1933.] 



CILIOPHORA. 



PLATE IX, 






PLATE X. 
Fig. 1. Entodinium contradnim Kof. & Christ. 

2. „ mrfum Kof. & Christ. 

3. Eoiirmm bUobomm (Dogiel). 

4. Diplodinivm minor (Dogiel). 

5. „ diacaTvfftum (Dogiel). 

6. „ triacanthum (Dogiel). 

7. „ tetracanikim, (Dogiel). 

8. „ pentacanthum (Dogiel). 

9. „ anisaoavi^wn da Cucha. 

[From Kofoid & Christenson's CSliates from 
Bos gaums H, Smith, 1934.J 



CILIOPHORA. 



PLATE X, 




PLATE XI. 
fig. 10. Epidinium parvicoMdakm, (Awerinzew & Mutafowa). 

11. Metadinium rotundatmn Kof. & Christ. 

12. Eremoplastron rostroMtm (Korentini). 

13. Evdiphdinivm maggi (Fiorenticd). 

14. Ostracodinivm gauri Kof. & MacL. 
16. „ myaorei Kof. & MaoL. 

[From Kofoid & Christenson's Gliates from 
Boa gcmrus H. Smith, 1934.] 



CILIOPHORA. 



PLATE XI. 
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